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advertisement. 


T H E Committee appointed by tbe Royal Society to direcl.tlie pub- ' 
lication of the Philofophical franfailions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations, which have 
been made in feveral ionwctTrmfaams, that the printing of them was 
always, from time to time, the fingle aaof the refpeaive Secretaries, till 
the Forty-feventh Volume : the Society, as a body, never interefting them- 
felves any further in their publication/than by occafionally recommending 
the revival of them to feme of their Secretaries, when, from the particular 
circumftances of their ailiurs, thefran/amons had happened for any 
length of time to be intermitted. And this feems principally to have 
bem done with a view to fatisfy the Public, that their ufual meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firft inftitution by the Royal Charters, 
and which they have ever fmee Readily puifued. 

But the Society being of late years greatly inlarged, and their corn- 
'raunications more numerous, it was thought advifeablc, that a Committee 
of their members fliouldbe appointed to reconfider the papers read bef- 
forc them, and felea out of them fucb, as they fliould judge moft pro- 
per for publication in the future rran/aaions ; which was accordingly 
done upon the a 6 rh of March 1752- And the grounds of their choice 
arc, and will continue to be, the importance and fingularity of the flib- 
iijcti, or the advantageous manner of treating them ; without pretending 
to anfwer for the certainty of the faRs, or propriety of tbe fcafomngs, 
contained in the feveral papers fo pubUaied, which muft ftill reft on the 
credit or judgment of their refpeaive authors. _ 



[ iv ] 

It is likewlfe neceffary on this occafion to remark, that It is an efta" 
blifiied rule of the Society, to which they will always adhere, never to 
give their opinion, as a body, upon any fubjeft, either of Nature or Art, 
that comes before' them. And therefore the thanks, which are fre- 
quently propofed from the chair, to be given to the authors of fuch pa- 
pers, as are read at their acciiftomed meetings, or to the pcri()ns through 
whofe hands they receive them, are to be confidcred in no other light 
than as a matter of civility, in return for the refpc£t fltewn to the Society 
by thofe communications. The like alfo is to be faid with rcgo.rd to 
the feveral proj efts, inventions, and ciiriofitics of various kinds, which 
are often exhibited to the Society j the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met with the higheft applaufc 
and approbation. And therefore it is hoped, that no regard will here- 
after be paid to fuch reports, and public notices ; which in fomc inftaiices . 
have been too lightly credited, to the diflionour of the Society, 
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PHILOSOPHICAL 
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TRANSACTIONS. 


I, A Letter from Sir William Hamilton, K, B. F. R. S, 
to Sir John Pringle, Bart. P. R. S. giving an Account 
■ of certain Iraces of Volcanos on the Banks of the. 
Rhine, 

' , 'From. Oh board a Yacht on the Rhine, 

near Mayence, Sept. ^9, 1777* 

Read Dec. II, g j, not recoUedt ever to have heard 
*777- qj, feen, any account of ancient 

volcanos on the hanks of this river, I have the pleafure 
of fending you a few imperfect, arernaxks, wMcb I 
'r:':YoL.;i-xvnL, ■' \ 


Sir WILLIAM hamilton''s Account of 
juft made during a five-days moft deliglitful pafifage up 
the Rhine from Bonn to Maycncc. I’he full certain 
token of volcanos having exifted in tliis country was evi- 
dent to me in the court of the ixilace of the Elcdlor- 
pahitine at DiiftcldorfF, which is at this moiucnt new 
paving with a lava exa<ftly like that of Etna and Vcfii- 
vius. Upon enquiry I was told, that it came from a 
quarry belonging to the fame Elcdlor at Unkel, between 
Bonn and Coblenz. When I arrived at the gates of Co- 
iogne, I was ftruck with the fight of numberleis bafaltic 
qolumns inferted in the walls of the town ; and I re- 
marked,, that columns of the fame fort were univerfally 
ufed as polls in the ftreets, and at every door; they are 
chiefly pentagonal, but forae are hexagonal, and a few 
have only four fides they are very like the bafaltcs of 
the Giants Caufeway, but without their regular articula- 
tions. I was informed, that they came like wife from the 
Unkel quarry; and that the town of Cologne is in pof- 
fefiion of an ancient right tc as much ftone from that 
quarry as may be wanted for its own life. I perceived 
Kkewife, that the walls, of moft of the ancient buiHings 
in the tovshi of Cologne were of a tufe exaaiy refem- 
bling that of Naples and its environs. This fpecies of 
ftone,; as I was informed, abounded on the banks of the 
Ehinej between Bonn and CoMenz : thefe circnmllances 
■ 4 / ' , ^ \ ■ ■ ■ ' / ..Made 



Polcams on the Banks of the Rhlnfe-. ^ 

made me keep a fliarp look-out, and, on my approach to 
Bonn,. was ftruck with the volcanic forms of the Seven- 
bergen, or Seven Mountains, about two leagues from the 
town, on the other fide of the Rhine. In the walls and 
ftreets of Bonn are many of the above mentioned co- 
lumns of bafaltes, and the pavement of the Town is of ' 
lava. The ftone in general life for building here, is a 
very compaif one, a hard volcanic tuffa like that of Fia- 
nuranear Naples, and of the fort called Piperno in Italy; 
it is fomething like free-ftone, but, upon near infpeffion, 
is mixed with fragments of lava and other volcanic fub* 
fiances. 

The day after ray arrival at Bonn I vifited Wolcken-* 
berg, Tackenfelts, and Stromberg, three of the Seven- 
bergen, and found the two firfi entirely compofed of 
tuffa, and the laft of tuffa and lava ; I dare fay, hy the 
fliape and appearance of the reft of thefe mountains, I 
fliould have found them all equally compofed of the 
fame volcanic fubftances, had my time allowed me to 
have examined them. The craters on the mountains I 
vifited are difcernable, though much altered, and filled 
up by time and the ruhbifli thrown from the quarries 
that are conftantiy worked on their tops. On each fide 
of the Rhine, moft of the way from Bonn to Coblenz, 
paitiaffarly between Prohl and Andernach, I perc^it^ 

; ■ ' ' B % 



4 Sir WILLIAM HAMILTON’S AcCOUIlt of 

Mgli rocks of lava or tufFa. Where the volcanos liad not 
operated, the mountains and rocks are of Hate. At 
Erpel, in a mountain clofe to the river, and oppofite the 
convent fitiiated on an ifland about three leagues from 
Bonn, there are fome traces of bafaltic columns, the 
quarry feeming to have been nearly exhaufted. I have 
often thought (and this exhaufted quarry brings it to my 
mind again) that the reafon why there are fcarcely any 
remains of lavas that have taken the columnal form orr 
Vefuvius and the volcanos near Naples is, tlnit they have 
been carried off for the ufe of paving the great Roman 
roads. The Appian way is moftly compofed of lava of a 
pentagonal and hexagonal fornii, and fee|QS evidently 
made of pieces of fiich bafaltic columns. Tliefe lavas* 
being ready cut by nature, would naturally be carried off 
hrft, as the cutting of folk! rocks- of lava for fucli pur- 
pofes is attended with very great expence. 

At Unkel, above a league further on towards Coblenz, 
juft oppofite the town on the other fide of the Rhine, is 
the great quarry belongingTo the Ele<5tor Palatine, which 
affords a moft pleaftng and tinconimon light : it is entirely 
compofed of the moft regular detached-baftiltic columns, 
and thdugh' milliohs of fthefe columns have been ex- 
traacdy as the 'towhg 'df Goiogrie and Bonn teftify, ' 
the quarry is very rich* They die moftly in an h 
■■■' 4 ,, . , , ' . ' tal 
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tal direction, but fome are perpendicular, and others in- 
clining towards the Rhine, which, being very low, 
iliews many of them in the bed of the river itfelf ; they 
rife from thence, into the mountain (where is the prefent 
quarry) above .100 feet. They are, as I mentioned be-: 
fore, chiefly pentagonal ; the fmalleft are in general the. 
moft diftindt and regtilar, about fix inches diameter; the- 
largeft of the columns that Imeafured in this quarry (or 
indeed that I had remarked anywhere) was about three- 
feet long, and about one foot and a half diameter. The. 
bther lavas in this neighbourhood are of the fame fub- 
ftance,. and fome incline to the fame forms, but none fo 
regular. I have not the leaft doubt but that all bafaltes, 
wherefoever they exift, have originated from.fubterra^- 
neous fire, and are true lavas. 

, I hope fome one, who has more leifure, will examine 
this curious country particularly. It is wondeful to me,. 
that fuch vifible tokens of great volcanic productions, ,in 
a country fo well inhabited, flrould not have attradled the 
attention of naturalifts more than they feem to have 
done. 

I mufl: not forget to . mention another curious eifeum^- 
ftance: at Andernach, between Bonn and Coblenz, I faw 
vaft. heaps of tufFa ready cut, lying on the banks oft 
the. Rhine, and fome Dutch veflels loading it ; ii|k)hi 

' , . ■ ' ' ■,;,;enqiiiry^ 



6 Sir WILLIAM HAMILTON’S Jccount of^ Scc. 
enquiry I found, that a confiderable trade of this ma- 
terial is carried on between this town and Holland, where 
they grind down this fort of flone by wind-mills into a 
powder, which they ufe as a puzzolane for all their build- 
ings under water. This alfo correfponds with an idea 
mentioned in one of my former letters to the Royal So- 
ciety, that the tufias of Naples were compofed of a puz- 
zolane, prepared by volcanic fire deep in the bowels of 
the earth, and, mixing with water at the time of its ex- 
plofion, formed a fort of natural mortar or cement. The 
Dutch reduce it again to its prift ine Rate of puzzolane. 

I flatter myfelf you will excufe my fending you fuch 
crude and haffcy remarks, as my time will not allow me 
to examine further : I only mean to point out this cu- 
rious country for further inveftigation. What I have 
juft feen confirms me in the opinion, that volcanic opera- 
tions are much greater agents of nature than is generally 
imagined, 

I am, See. 
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II. Of the Heatf &c. of AnimaJs- and Fegetables-.. 

By Mr. John Hunter, F. R. S.. 

Read June xg^ and Nov* ij, 1777^ 

T N the courfe of a variety of experiments on animals 
and vegetables,.! have frequently obferved that the re- 
fultof experiments in the one has explained the oeconomy 
of the other, and pointed out fome principle common to 
both; I have therefore Golle6ted fome experiments which; 
relate to the heat and cold of thofe fubftances.- Having; 
found variations in the dfegree of heat and cold in the 
lame experiment,, for which I could not account; I fuf— 
pe6led that this might arife from fome imperfedion ins 
the conftrudion of the thermometer. I- rhentioned tO' 
Mr. RAMSDEN my objection to the comrhoq conftrudioni 
of that inftrument, and my ideas of one more perfedt: 
in its nature, and better adapted to the experiments ini 

which I was engaged. He accordingly made me Ibme-' 

'' ' ' ‘ * 

very frnall thermometers, fix or feven inches long, not' 
above Truths of an inch thick ip the ftem ; having the ex- 
ternal diameter of tt^e ball very little larger than that of 
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the ftem, on which was marked the freezing point. The 
ftem was embraced by a fihall ivory fcalc ib as to Hide 
upon it eafily, and. retain any polition. Upon the hol- 
low fiirface of this fcalc were marked the degi'ccs whicli 
were feen through the ttcin. By thefe means the hzc of 
the thermometer was very much reduced, and it could 
be applied to foft bodies with much more eafe and cer- 
tainty, and in many cafes in which the former ones 
could not be conveniently applied ; I therefore repeated 
with it fuch of my former experiments as were not ori- 
ginally fatisfadtory, and found the degrees of heat very 
different, not only from what I generally imagined, but 
alfo from what I had found in my former experiments 
with the thermometers of the common conllru^lion. 

I have obferved in a former pape/"'^, and find it fup|)Oitcd 
by every experiment I have made on the heat and cold 
of animals, that the more perfecSl have the greateft power 
of retaining a certain degree of heat, whk:h may be 
called their ftandard heat, and allow of much lefs varia- 
tion than the more imperfeif animals : however, it will 
appear from the firft, fecond, and third experiments, that 
many, if not all of them, are not capable of keeping 
conftantly to ‘one ftandard; but vary from their ftandard 

(a) ViSe Pbilofophical Tranfaflians for the year 1775, vol, LXV. part IL 
'P- 44 ^- ' ' ■ ' : ■ , ■ , '■ U , . , 

■ . ■ . ■ heat, 
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heat, either by external applicatioas, or difeafe. How- 
ever, tbefe variations are mncli greater below the ftan- 
dard heat than above it; the perfect animals having a 
greater power of refifting heat than cold, fo that they 
are commonly near their ultimate heat. Indeed we do 
not want any other proof of this variation than our own 
feelings ; we are all fenfible of heat and of cold, which 
fenfations could not be produced without an alteration 
really taking place in the parts affedted; which alteration 
in the parts could not take place, if they did not become 
adlually warmer or colder. I have often cooled my 
hands to fuch a degree, that I have put them into pump- 
water, immediately pumped, to warm them ; therefore, 
my hands were really colder than the pump-water. 

Real increafe of heat muft alter the texture or pofition 
of the parts, fo as to produce the fenfation called heat*, and 
as this heat is dirainifhed, the texture or pofition of the 
parts is altered in a contrary way j which, when carried 
to a certain degree, becomes the caufe of the fenfation of 
cold. Now thefe effects could not take place in either 
cafe without a real increafe or decreafe of heat in the 
part; heat, therefore, in its different degrees, muft be 
prefeat. When heat is applied to the fkin, it becomes 
hot, in foiae degree, according to the application; and 
this may be carried fo far as atSlually to burn the hyiiig 

VoL. ucviiL C:. 
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Mr. HUNTER on the Heat, See. 
parts: on tlie contrary, in a cold atmofpliere, a man’s 
hand fliall become fo cold as to lofc the fenfation of cold 
altogether, and change it for that of pain. Heal heat 
and cold can be carried fo far, as even to alter the itruc- 
ture of the parts npon which the actions of life depend. 

As animals are fubjeft to variations in their degrees of 
heat and cold from external applications, they arc of 
courfe, in this refpe6t, affeited in fome- mcafure like in- 
animate matter; and therefore, as parts are elongated or 
recede from the common mafs, thefe effeiSIs more reu'^- 
dily take place: for iriftance, all projecting jjarts and ex- 
tremities, more efpecially toes, fingers, nofe, ears, . combs 
of fowls, particularly of the cock, are more readily cooled, 
and are therefore moft fubjeCt to be affeCted by cold. Ani- 
mals are not only fubjed to increafe and decreafe of 
heatjfimilar to inanimate matter ; but the tranfition from, 
the one to the other (as far as they allow themfelves to 
go) is nearly as quick. However,. I fhall not confine 
myfelf to fenfation alone, for it is in fome degree ruled 
by habit : the habit of uniformity in the degree of the. 
one or the other;, will be the' caufe of a confidea-ablc in- 
ereafe of fenfation from the fmalleffc variation; while the. 
habit of variation in the degree of heat and cold, will, in 
a proportional degree, prevent the fenfation arifing from 
either: butwe Ihall be guided by actual experiment, 
'■■v ' ■ . ' ■' The' 



of Animals and Vegetables . 1 1 

The parts above mentioned (viz. projecting parts and 
extremities) are fuch as will admit of the greateft change 
in their degrees of heat and cold, without materially af- 
fecting the animal. I find that they will raife or fink 
the tliermometer, in fome degree, according to the exter- 
nal heat or cold applied ; although not in a proportional 
degree to this application, as would be the cafe in inani- 
mate matter. Nor are the living parts cooled or heated 
in the fame degrees, which appears from the application 
of the thermometer to the fkin; for the cuticle may be 
confidered as a dead covering, capable of taking greater 
degrees of heat or cold, than the living parts underneath 
can do ; and it might be fufpeCted, that the whole of the 
variation was in the covering. To remove this doubt I 
made the following experiments. 

EXP. I. I funk the ball of my thermometer under my 
tongue, which lay perfectly covered ^y all the furround- 
ing parts, kept it there fome minutes, and found that it 
rofe to 97°; having continued it fome time longer there, 
I found it rofe no higher. I then took feveral pieces of 
ice, about the fize of walnuts, and put them in the fame 
■Jituation, allowing them to melt in part, but not wholly, 
that the application of cold might be better kept up, oc« 
Galionally Ipitting out the water arifing from the folu* 
tion : this I continued for ten minutesi and found# dh 
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introducing my thermometer, that it fell to 77''; fo 
that the mouth at this part had loft so'" of heat. It gra- 
dually rofe to 97° again ; but the thermometer in this ex- 
periment did not fink fo low as it would have done in the 
hand, if a piece of ice had been held in it fo long. Per- 
haps one reafon may be alTigned : the furface under the 
tongue being furrounded with warm parts, renders it 
next to an impoflibility to cool it to any greater degree : 
but I fufpedl ftill another reafon, viz. parts which have 
been in a habit of confiderably varying in this refpeift, 
as the hand, will allow of greater latitude, being as it 
were infenfibly drawn into cold, nor fo fufceptible of it, 
as has been already obferved. 

As a further proof, that the more perfedt animals are 
capable of varying their heat, in fome degree, according 
to the external heat applied, I lliall adduce the following 
experiments made on the human fubjedl. 

The mouth being a part fo frequently in contad with 
the external atmofpherC' in the action of breathing, 
whatever is put into it will be fuppofed to be influenced 
by that atmofphere; this will always render an experi- 
ment made in the mouth, relative to heat and cold, ia 
fome degree doubtful. I imagined that the urethra 
would aiifwer better, becaufe itis an internal cavity, and 
can be only influenced by heat and cold applied to the 
■ . ■ ' external 
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external Ikin of the parts. I imagined alfo, that what- 
ever effeds heat or cold might have, when applied, would 
fooner take place in the urethra than in any other part 
of the body,. as it is a projedting part; and therefore, if 
living animal matter was in any degree fubjedt to the 
common laws of matter in this refpedt, the urethra 
would be readily affedted: for this purpofe I got aper- 
fon,,who allowed me to make fuch experiments as 
thought necelTary. 

EXFi II. I introduced the ball of my thermometer into 
the urethra about an inch ; after it had remained there 
a minute, the quickfilver rofe only to 92° ; at two inches, 
it rofe to 93° ; at four inches, the quickfilver rofe to 94° ; 
and when the ball had got as far as the. bulb of the ure- 
thra, where it is furrounded by warm parts, the quick— 
filver rofe to 97°. 

EXP. in. Thefe parts being immerfed in water heated^ 
only to 65° for one minute, and. the thermometer intro-- 
duced about an inch and a half into the urethra, the 
quickiilver rofe to 79°: this was repeated feveral times ■ 
with the fame fuccefa. To find if there was any differ- - 
ence in the quicknefs'of the tranfition of heat andtcold 1 
in living and dead parts, and alfo if the. latitudes to ' 
which each would go were alfo different,; I made the ■ 
iollowing;experimen,ts.. . , ■ Aa this- {visi* 
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.appeared to me to be the very heft part of any animal 
body for experiments of this kind, I had rccourfe to it; 
and as all comparative experiments flionld be as ilmilar 
to one another as i)onible, excepting ist tliofc points 
where the difference (if there is any) makes the eifential 
part of the exiDeriment, I iirocurcd a dead penis. 

xxp. IV. The heat of 'the penis of a living perfon, an 
inch and a half in the urethra, was 9 a” exadfiy. I 
firft heated the dead one to the fame degree, and then 
had the living one immerfed in water at 50'", at the fame 
time immerfing the dead one in the fame water; when, 
introducing the thermometer at dij0ferent times, 1 ob« 
ferved their comparative quicknefs hi cooling from 92®. 
The dead one cooled fafler; but only by two or three de- 
grees. The living came down to 58°, and the dead 
to 55®. After having continued the thermometer 
there fome time longer, it fell no lower. I I’eiieated 
the fame experiment feveral times, with the fimc fuc- 
cefs; although foraetimes there was a fmall difierence in 
the degrees of heat from thofe of others, the heat of the 
water alfo differing; but the difference in the refult was 
nearly in proportion, in all the three different trials, there- 
fore the fame conclulions are to be drawn from them, 
M thefe laft experiments we find very little difference 
between the 'cooling of a part of a dead body, and that 
of the living ; but we cannot fuppofe that this can take 
^ , . ' ■ ■ , ' , place 
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place through the whole body, as in this cafe a living, 
man fliould always be of the fame degree of heat with 
the atmofphere in which he lives. The man not chooflng 
to be cooled lower than 53° or 54% put it out of my 
power to fee if the powers of generating heat were 
exerted in a higher degree, when the heat was brought 
fo low as to threaten deftrudtion; but from fome experi- 
ments on mice, which will be related hereafter, it will 
appear, that the animal powers are called upon to exert' 
tliemfelves in this, when neceflaryi 

From the experiments related ! found, that parts of 
an animal were capable of becoming much colder than 
the common or natural heat: I therefore made farther 
experiments, with a view to fee whether the fame parts- 
were capable of becoming much hotter than the ftandarcl 
heat of animals. The experiments were made in the- 
fame manner as the former, only the water was now 
hotter than the natural heat of the animal. 

EXP. V. The natural heatof ;the parts being 9a°, they 
were now immerfed in water heated to 1 1 3° for two mi- 
nutes, and the thermometer being introduced as before,, 
the.quicklilver rofe to ioo°j. This experiment I alfo re- 
peated feveral times, but could not raife the heat of the 
penis beyond 100°^: . this was probably owing to the ' 
perfon not being able at this time to bear the application 
of. water warmer than 113°. As thefe were only, fingle 
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experiments, I diofe to muke a annpvirutive erne with the 
.dcud part. 

KXI». 'VI. lioth tiic living and dead part l)cing ini' 
nticrfcd in water, gradually made wanner and warmer 
.from loo'’ to xx8°, and coutinited in this heat for forac 
minutes, tiie dead part raifed the thermometer to 1 14®, 
while the living could not raile it higher than 10 3"^-. 
ft was obferved, by the peilbn on whom the experiment 
was made, that, after the parts had been in the water 
about a minute, the water did not feel hot; but, on its 
■heing agitated, it felt fo hot that he could hardly bear it. 
Upon applying the thermometer to the tides of the liv- 
ing gland, the quicklilver immediately fell from 1 1 8® to 
about 1 04°, while it did not fall above a degree when put 
,clofe to the dead; fo that the living gland produced a 
.cokl fpace of water around it'"^''. 

EXP. vii. The heat of the re6i:um in the fame man 
was 9 exactly. 

In the fecond, third, fourth, fifth, ai.d fwth experi- 

ments, we had an internal cavity, which is both very vaf- 
cular and fenlible, evidently influenced by external heat 
,and cold, though only applied to the Ikin of the part; 

fij This might furniflu an ufeful hint refpefting bathing in water, whether 
colder or warmer than the heat of the body:' for »f intended tc. be either colder 
or hotter, it will foon bcof the fame temperature with that of the bodyj there- 
fore in a large bath, the patient Ihould move from place to place: and in a fmall 
one, there fhould be a conftaat fucceilipn of water of the intended heat. 

■ , ■ ' ' while, 
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wtiley. in the feventh experiment, another part of the 
fame body, where external heat and cold can make little 
or no impreffion, was of the ftandard heat. Although 
we lliall find hereafter, from experiment, that the reftum 
is not the warmeft part of an animal; yet, in order to 
oletermiine how far the heat could be incfeafed by ftimu- 
. fating the conftitution to a , degree fufiicient to quicken 
the pulfe, I repeated the feventh experiment after the 
man had eaten a hearty fupper, and drank a bottle of 
wine, which increafed the pulfe from 73° to 87°, and 
yet the thermometer only rofe to 9 

Having formerly made experiments upon dormice in 
the fleeping feafon, with a view to fee if there was any 
alteration in the animal ceconomy at that time, I find 
amongft thefe experiments the following which appear 
to be to our prefent purpofe : but, that 1 anight be more 
certain of the accuracy of my former experiments, I re- 
peated them with my new thermometer, 

EXP. vni. In a room, in which the air was at between 
50° and 60® of temperature, a fmall opening was made 
in the belly of a dormoufe, of a fuffident fize to admit the 
ball of my thermometer, which, being introduced into 
the belly at about the middle of that cavity, rofe to 
80®, and no higher. 
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EXP. IX. .The rnoufe was put into u cold atmofplicre 
of I above o, and iefi there for fifteen minutes; 
after which, tlie ’thermometer being introduced a fccond 
time, it rofe to 85°. 

EXP. X. The rnoufe was again put into a cold atmo- 
fphere for fifteen minutes more; and the thermometer 
being then introduced, the quickfilver rofe to 7 onlyj 
but gradually came up to 83°, 84'’, and 85°. 

, EXP. XI. It was put a third time into the cold atmo- 
fphere, and allowed to ftay there for thirty minutes ; the 
lower part' of the rnoufe was at the bottom of the dilli, 
and almoft frozen; the whole of the animal was a little 
numbed, and a good deal weakened. When the ther-* 
mometer was introduced, it varied according to the dif- 
ferent parts of the belly ; in the pelvis, near the parts 
moil: expofed to the cold, it was as low as 62°; in the 
middle, among the inteftines, about 70®; but near the 
diaphragm it rofe to 80°, 8a°, 84°, and 85°; fo that in 
the middle of the body the heat had deercafed 10** 
Finding a variation in different parts of the fame cavity 
in the fame animal, I repeated the fame, experiments 
upon another dormoufe. 

EXP, XII. I took a healthy dormoufe,. which had been, 
alleep in a room in which there was a fa*e(the atmofphere 
at 64°) ; I put the thermometer into its belly,. nearly at the 

. v' ' ■ , ' , middle, 
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tfiicldle, between the thorax and pubis, and the qiiick- 
ftlver rofe to 74° or 75°; when I turned the ball towards 
the diaphragm, it rofe to 80°; and when I applied it 
to the liver, it rofe to 8 1 

EXP. XIII. The moufe was put into an atmofphere at 
22,0°, and left there half an hour; when taken out, it was 
Verv lively, much more fo than \vhen put in. 1 intro- 
duced the thermometer into the lower part of the belly, 
aiid it rofe to 91°; and upon turning it up to the liver, 
to 93°. 

EXP. XIV. The animal was piut back into the cold at- 
mofphere at 30° for an hour, when the thermometer 
was again introduced into the belly ; at the liver it rofe 
to 93°; in the pelvis, to 92,° : it was ftill very lively. 

EXP. XV. It was again put back into the cold atmo- 
fphere at 1 9°, and left there an hour ; the thermometer 
at the diaphragm was 87°; in the pelvis, 83°; but the 
animal was now lefs lively. 

EXP. XVI. It was put into its cage, and two hours after 
the thermometer, placed at the diaphragm, was at 9 3“; 

■ From thefe experimen ts we have actual heat increafed 
ahd decreafed by the application of external cold; and 
likewife the heat varied according to the powers of life, 
as well in the fame parts, as alfo in the different parts, 
oi the fame animal; for at firft the natural heat of the 
- ^ 2 : h'diiimal'' 
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animal was much below the common ftaiidard, anti, by 
the application of cold, and the powers of rcfiftaiice 
to the cold being thus increafcd, the heat was coiditlcra”* 
bly augmented; but when the animal was weakened by 
thofc exertions,, it fell off with refped to the power of 
producing heat, and this in- proportion to the diftance 
from the heart. 

Why the heat of this animal fhould be fo low as 8o® 
in an atmofphere of between 50° and 60°, is not ealily, 
accounted for, except upon the principle of deep. But ’ 
I Ihould very much fufpedt, that the Ample principle 
of ileep is out of the -queftion, as fleep is an effedt that 
takes place in all degrees of heat and cold. In thofe ani- ■ 
mals where the voluntary actions are fufpended, it ap- 
pears to be an effeff arifing from a certain degree of ■ 
cold afting as a fedative, under which the animal faculties 
are proportionably weakened, but ftill retain the power of 
carrying'on all the funffions of life under fuch ciremn- 
fiances; hut beyond this degree cold feems to aeSf as a tli- 
mulant, and the animal? powers are roufed to adlioii for 
felf-prefervation; It is, more than probable, that moft 
animals are under this predicament; and that every or*x> 
der has its degree of cold, in which the voluntary actions 
ean be fufpended. ' - 

When man is afleepy.,he'is'Col^r thap.^w^fp, awak^j;., 

that. -the difference.is about one de* 
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gree and a half, fometimes lefs. But this difference in • 
the degree of cold between ileeping and waking is not a 
caiife of fleep, but an effedt; for many difeafes produce a 
much greater degree of cold in the animal, without giv- 
ing the leaff tendency to fleep; therefore the inadtivity 
of animals from cold is different from fleep. Befides, all . 
the operations of perfedt life are going on in the time of 
natural fleep,, aHeaft in the perfedt animals, fuch as di~ 
geftion, fenfatidas, &c.; but iioneof thefe operations are ■ 
Performed in the latter tribe. 

To fee how far the refult. of thefe i experiments upon ^ 
dormice was peculiar -to them, I repeated the fame expe- • 
ments upon common mice. I procured two; one ftrong , 
and vigorous, the other weakened by fafting. ■ 

EXP.’ XVII. The common atmofphere being at 66°, I ; 
introduced the thermometer into the abdomen of the 
ftrong moufe : the ball being at the-diaphragm, the quick-^ * 
filver was raifed to 99°, but.at the pelvis only to 96°|. 

Here there was real difference of about 9°, in two - 
animals of the fame fize, in fome degree of -the fame ■ 
genus, and at the fame feafon of the year^ afid-the 
fpherenf nearly the fame temperature;-: 

EXP. XVIII.. The famemoufe was put into' a cold at-*^ ' 
mcffphere .of ^ r.g”,’ fac.an hour^^iyEid thai the-thei^oifi^tir.'C ■ 
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was introduced as before; the quick filver at tlie dia* 

j)liragm was raifed to 83% in the x>elvis or.ly to 78^ 

Here the real heat of the animal was dimiiiiihed 16* 
at the diaphragm, and 1 8'’ in the pc! vis. 

EXP. XIX. Ill order to determine whctiier an animal 
tliatis weakened, has the fame powers, with rerjieel to 
preferving. heat and cold, as one that is vigoi'ous and 
ftrong, I introduced the ball of the therraonictcr into tlie 
belly of the weak rnoufe; the hall being at the dia- 
phragm, the quickfilver rofe to 97'’ ; in the pelvis to 95° 
the rnoufe being put into the cold atmolphcrc as the 
other, and the thermometer again introduced, the quit k- 
iilver flood at 79° at the diaphragm, and at 74° in the 
pelvis. 

In this experiment the heat at the diaphragm was di- 
minifhed 18°, in the pelvis 21°. 

Here was a diminution of heat in the fecond greater 
than in the firft, We may fuppofe proportional to the 
decreafed power of the animal ariling tfom want of food. 

To determine how far different parts of other ani- 
mals than thpfe mentioned were of different degrees of 
heat; I made the following experiments upon a healthy 

EXP, yxx. The ball of the ffiermometer was intro- 
duced two inches within the retSlum, the quickfilver rofe 
to loo^’l- exactly. The cheft of the dog was opened, and 

'■'■1' , ' . ■ . a 'wound 
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a wound made into the right ventricle of the heart, and 
the ball immediately introduced; the qiiickfilver rofe to 
i o I ° exadtly. A wound was next made fome way into 
the fiibflance of the liver; and the ball being introdiicedj 
the quicklilver rofe to ioo°|» It was next introduced 
into the cavity of the ftomach, where it hood exadtly ar 
10 1°, Ail thcfe, experiments were made in a few mi- ‘ 
nutes,. 

EXP. XXI.. The fame experiments were made upoa^ 
ioxen; the quickfiiver rofe exadlly to 

EXP. XXII. The fame were alfo made upon a rabbit, 
tod the quickfiiver rofe to 99°^.. 

From the experiments on mice, and thofe upon the 
dog, it plainly appears, that every part of an animal is 
not of the fame degree of heat; and hence we may rea- 
fonahly infer,, that the heat of the vital parts of mam 
is greater than what it is found to be either in the mouth,., 
the redlum, or the urethra. 

To determine how far my idea,, that animals could . 
have their heat varied in proportion to their imperfect 
tions, is juft, 1 made the following experiments upbn 
fowlS) which I confider to be one remove below whaf arb- 
commonly Called quadrupeds^ . 

EXP. xxiii- I introduced the ball of the thermoineter y' 
fuccefSyely into the. 
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and found that the quicfcfilver rofe as higli as 103®, 

, .1 03°!, and in one of them to 1 04° . 

EXP. XXIV. I made the fame experiments on fcvcral 
.-cocks, and the refult was the Tame. 

EXP. XXV. To determine if the heat of the Ten was 
i increafed when, The was prepared for incubation, I rc- 
: peated the twenty-tliird experiment iqion feveral fitting 
■ or clocking hens;' in one die quickfilver rofe to 104'"; in 
the others, to 1037, 103°, ..as in the twenty-third expe-* 

: riment. 

. EXP. XXVI. Under the. hen, who raifed the <iuickilivcr ' 

- to 104“, I placed the ball of the thermometer, and found?’ 
i the heat there as great as in the reitura. 

: EXP# xxvii.'I took.fome of the eggs from under the 

• fame hen, where the chick was about three parts formed, - 

• broke a hole in the fliell, Sec. .and introduced the ball of 
the. thermometer, 'and found that the quickfilvcr rofe to 
i 99'’“. InTome that were addled, I found their heat not fo 
: high by two degrees; fd.that the life in the living egg 
affiHedin fome degree to fupport its own heat, 

. It niay be -aiked, whether thofe three or four degrees ; 
i of heab which are fouudin the fowl more than in thequa- 

• diuped, are for the purpofe of incubation? We found that 
rthe heat of -the eggs, which was caufed and hipported by 
•this heat, was not above the ftandard of the quadrupeds f * 

, ' '■ ■ , , ■' '' ' ■ , ■ ahd":: 
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and that it muft probably have been lefsj if the heat of 
the hen had not been fo great. 

Finding from the above experiments, that fot’ids were 
fome degrees warmer than that clafs commonly called 
quadrupeds (although certainly not fo perfect animals) 
I chofe to continue the experiments upon the fame prin- 
ciples, and made the following upon thofe of a ftill in- 
ferior order. The next remove from the fowl are thofe 
commonly called amphibious. 

pxr. xxviii. I took a healthy viper, aild introduced 
the thermometer into its ftomach and anus; the quick^- 
lilver rofe from 58° (the heat of the atmofphere in 
which it was) to 68° ; fo tljat in a common atmofphere 
it is 10° warnier. 


EXP. XXIX. The Viper was put into a pan, and the paa 
into a cold mixture of about 10° ; after being there about 
ten minutes, its heat was reduced to 37°% It was ah 
lowed to ftay ten minutes longer, the mixture being at 
13°, and its heat was redueed to 35°* It was allowed 


todjay. ten minptes more,, tjae mixture at ao°, its heat. at 
51°, and itdjd not become .lower ; its- was beginning 
to freeze ; and ; it was now- very weak. It may. jbe re- 
marked, .t^t/itbecam giueh^ flower *than many of 


.the f^owing.annnals. 

¥ol, Lxvm. 
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The frog being, in its ftriiaure, more limilar to tlie 
vii)er than to either fowl or filh, I made the following 
experiments on that animal. 

EXP. XXX. I introduced the ball of the thermometer' 
into its ftomach, and the cj^tiickfilver ftood at I then 
put it into a cold mixture, and the quickfilver flink to 
31*’; the animal appeared almoft dead, but recovered 
very foon : beyond this point it was not poffible to lelTen 
the heat, without deftroying the animal. But its decreafe 
of heat was quicker than in the vqKr, although the 
mixture was nearly the fame. 

The next order of animals were fifli. 

EXP. XXXI. I afeertained the heat of water in a pond, 
where there were carp, and found it 65°!. i tlien took 
a carp out of the fame water, and introduced the ther- 
mometer into the ftomach; the quickfilver rofc to 69*^; 

fo that the difference between the water and the filh was 
only 3“|. ■■■■"-■: 


EXP. xxxii. In an eel, the heat in the ftomach, which 
at fhft was at ^7 , Innk, after it had been fome time 
m the cold mixture, to 3i< . The animal at that time 
appeared dead, but was alive the next day. 


EXP. XXXIII, In a ihail, whole heat was at aa* it * 

funk, after it had been nut infA ah • ’ ' 

> xdu oeen put into the cold mixture, to 

and then the animal froze. . - 


EXP* 
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EXP. XXXIV. Several leaches having been put into a 
bottle, and that bottle iramerfed in the cold mixture, the 
ball of the thermometer being placed in the middle of 
them, the quickfilver funk to 31°; and by continuing 
the immerfion for a fufficient time to deftroy life, the 
quickfilver rofe to 3 2°, and then the leaches froze. In 
all thefe experiments none' of the animals returned to 
life when they became thawed. 

Finding that thefe imperfe^l clafles of animals are 
capable of varying their heat to that ftandard which can 
freeze the folids or fluids when dead, and not much far- 
ther before death enfues, 1 wiftied to determine to what 
degree of heat the animal could be brought. 

EXP. XXXV. A healthy viper was put into an atmo- 
Iphere of 108°, and allowed to ftay feven minutes, when 
the heat of the animal in the ftomach and anus was 
found to be 92°“, beyond which it would not rife in the 
above heat. The fame experiment was made upon frogs 
with nearly the fame fuccefs. 

EXP. XXXVI. An eel very weak, its heat at 44®, which 
was nearly that of the atmofphere, was put into water at 
.65°, for fifteen minutes; and, upon examination, it was 
of . the fame degree of heat with the water. 

EXP. xxxyii. A tench, whole heat was 41°, was 
put into water at 65°, and left , ,|h.ope tei^, minhtes|^ 
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ball of the thermometer being introduced both into the 
ftomach and redtum, the quickfilver rofe to 55°. Thele 
experiments were repeated with nearly the fame fuccefs. 
To determine whether life had any power of refilling 
heat and cold in thefe clafies of animals, I made compa“ 
rative trials between living and dead ones. 

EXP. XXXVIII. I took a living and a dead tench, and s 
living and a dead eel,- and pht them into warm w'^ater ; 
they all received heat 'equally fall ; and when they w'ere 
put into the cold,, both the living and the dead received' 
it equally. . 

I long fufpedfed, that the principle of life was not 
wholly confined to animals, or animal fubftance en- 
dowed with vilible organization and fpontaneons mo- 
tion; but I conceived, that the fame principle eXifted in. 
animal fubftances, devoid of apparent organization £tod' 
motion,, where the power of prefervation Amply was 
required. 

I was led to this notion twenty yeUfs ago, Vhen I w'as 
making; drawings o'f the growth Of the chick'in the pro- 
cefs of incubatioh. I then ohferved, that whenever an 
egg. was hatch^jthe yolk.(which is not diminiftied in the 
time of incuhatioH}was always perfedfly fwOet to fhe very 
faft ; hiidthitpatt of the albumen, Which isbot expended: 
bn‘ the growth 6f Me anihiiVto days before hatching,. 
^ '■ 'was. 
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was alfo perfedly fwegt; although both were kept in a 
heat of 103°, in the hen’s egg for three weeks, and in 
the duck’s for four; . but I obferved, that if an egg was 
not hatched, that egg became putrid in nearly the fame 
time with any other dead animal matter. 

To determine how far eggs would hand other tefts of 
« living principle, I made the following experiments. 

jEXP. XXXIX. I put an egg into cold at about o, and’ 
froze it, then allowed it to thaw ; from this proceis I con- 
ceived, that the preferving powers of the egg muft be 
Ibft. I then put this egg into the cold mixture, and with 
it one newly laid; and the difference in freezing was 
feven minutes and a half, the frefli one taking fo much 
longer time in freezing. 

EXP. XL. A new laid egg was put into a cold atmo- 
sphere, fludluating between 17° and 15°; it took above 
‘half an hour to freeze; but, when thawed and put into 
an atmofphere at 25®, it froze in half the time. This> 
experiment was repeated feveral times, with nearly the 
fanie fuccefs. 

To determine the comparative heat between a living 
and a dead egg, and .alfo to determine whether a living 
egg be fribje(ft to the fame laws with the more imperfedfc : 
ammals, I made the ioHowing experiment 
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■EXP. xm A.frdh egg, aiul one which had been 
frozen and thawed, \ycre put into the cold mixture at 
15“’; the thawed one foon came to 3?/, and began to 
fwcll anti congeal; the freflx one funk to 29^, and in 
twenty-five minutes after the dead one, it rofeto 32% 
and began to fwell and freeze. 

The reMt of this experiment upon the frefh egg was 
iimilar to the above experiments upon the frog, eel, 
•fnail, &c. where life allowed the heat to be diminifhed 
a° or 3° below' the freezing point, and then refifted all 
further decreafe; but the xxowers of life were exx^ended 
by this exertion, and then the parts froze like any other 
dead animal matter. 

From thefe experiments in general it muft appear, 
■that a frefh egg has the power of refifting heat, cold, 
and putrefadtion, equal to many of the more imxxerfcd 
animals; and it is more than poflible, that this jx)wer 
arifes from the fame principle in both. 

From fome of thefe experiments it appears, that the 
more imperfedt animals are capable of having their heat 
and cold varied very confiderably, not according to- the 
extent of the heat or cold of the furrounding medium 
,ih,^hich live, but according to the degree of 

cold which is capable of ;^tering the parts in a dead 
ftate, below which the living power will not go far; 

' . , , ' ■ ' . , ■" ' ■ for 
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for whenever the fnnmincling cold brings them to that 
degree, the power of generating heat takes place till life 
is gone, then the animal freezes, and is immedii\Jely 
capable of admitting any degree of cold. 

From thefe circnmftances of thofe imperfetSt animals 
(upon which I made my experiments) varying their heat 
fo readily, we may conclude, that heat is not fo very 
elTential to life in them as in the more perfeft ; although 
it be ellential to many of the operations, or what may 
be called the fecondary a6tions of life, fuch as digeiting; 
food^^-^, and the propagation of their fpccies, which re- 
quires the greatejl: power an- animal can exert, more ef- 
pecially the laft; and, as moft of the more perfc6t of 
thefe imperfed; animals are commonly employed in the 
firft, we may fuppofe their heat to be fuch as this adfion 
of life requires, although in them it be never elfentially 
neceffary to be fo high as to produce propagation. 

Therefore 

(h)' How’far tlii$ idea lioWs good with fifh I am not certain/ 

(&) How far the animal heat is lowered in the more pcrfcfl: anlmal% wliea 
thefe fecondary ^adlioas arc not neceflary^ as in the bat^ hedge-hogj, bcaij^ ,&c#' 
'i'lmve not been able'to.determincj not having opportunities of examining thefe 
animals iH' their involuntary ftate* Dormice arc in a mixed ftatc between the 
voluntary and' involuntary, and we find the, heat ■diminilhed when the a£iions 
are not ' vigorous; , and from a general .review of this w, hole fu!>jc£t. it would 
-'appear, that- a certain ^ degree: of heat, 'in. the animal is .neceffary for digcflioii, 
and.that-.neccflary, hca.t' wiU.be according to the nature ^ of the animal .A drog 
will digcft.lood. 'When,, itS'lie^t is^ u , btit, not wheit M 40 ' ’ ; and it , is 

■ ' , very 
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Therefore, whenever tliefc impcrfcsl'l: aulinals arc in a 
fold lb low as to weaken their i)Owcrs, and difable tlieni 
from performing the firft'of thefe fecondary aTioiis, 
they become in Ibme meafnre involuntary, and remain 
in a torpid ftate during the degree of cold which will 
always occur in fohie part of the winter in fuch conn-* 
tries as they • inhabit p and The food of fuch animals in 
general not being produced in the cold feafon, affords 
another, reafon for their torpidity. 

From’ the circumftances of their heat being allowed to 
fink to the freezing pointj or fomewhat lower, and tlicn 
becoming ftationary; and of the animal not being able 
: to luppwtdifedn a much greater degree of cold for a con-* 
:fider able time, we fee- a reafon why thofe animals always 
ifindeavourTo .procure fuch .places of abode in the win- 
Ter as feldom. arrive at that pomt. Thus we havefoads 
^burrowing, frogs living under large ftones, fnails pro- 
itefiled under the llielter of hones and in holes, fifh hav- 

uvery probable that, “When ' the heat of the bear, hedge-hog, clormoufc, bat, 

■ &c. is /'f&SaOdd to yo% 7,5°, -hr 'i86% they lofe their power of digeftion; ot 
. rather that ihc tK)^ has no call upon theRomach. 

That aftitoais, 4 n'-^ certain :degree of heat, rauft always have food, is fmthet 
fitaftrated-fey thh iij^*^^^ The conftruaion of a bee is very fimilar to 

jARyiand a'-walp can*allow their heat to dirainifh as in the 
Rib,' iK^t^*-&c.^withOTt kjfihg iifey'btit a bee cannotj therefore a bee is obligcd 
-■to h^p ■‘ttpi-'ltS^beat-ae’R.igh .as.«-whati we,' may, 'calf' its, digefUve-.heat^ibut ■ not its 
propagatiag; fe whiefi pwpofe they fuch coldas would deprive 

fthemi. even ©RTteirdigeRive heat^fif.'they had trot food to'jprcicrve it. 

■; „/ - , : , : ■ ■ : , in^ 
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ing recoiirfe to deep water, all which places 
rally above tiic freezing point in oirr Ivar;, 
however, oiir froifs are Ihiiwtirncs fa fewci'c 



iiabi tat ions art 


When the froil is raorc iatenie aiu' 
ire- than corrroon, or in countries win 
always fevere, there is generally i'no 


c ihc winters are 
, and the wn-tcr 


aintau'C ariirnu' from 


itaiices are great; the fnow ferving as a Idanhet to tlic 
earth, and the ice to the water 


(e) Snow and ice are perhaps the worft condudlors of heat of any fiihftancc 
yet known* In the firft place^ they never ailow their own heat to rife above 
the freezing point, fo that no heat can pafs through ice or fnow when at 32'*"*, 
by which means they become aii'abfclutc l.>aiTier to all heat that is at or above 
that degree; fo^ that the hc.it of the earth, or wliaievcr fubflance they cover, is 
retained: but they are' condudlors of heat below 3a'h Perhaps that power 
decrcafes In proportion as the heat decrcafes under that part. 

In the winter 1776 a, irofl: came on, the fur face of the ground was frozen; 
but a confiderablc fall of fnow alfo came on, and continued fevcral weeks; the 
atmoTpliere at this time was often at 15'^, but it was not allowed' to aiFe£l the 
furfacc of the earth confidcrably, fo , that the fiuTace- of the ground thawed, 
and the earth retained the heat of 34'-^, in which licans and peas grow. 

The lame thing took place in water, in a pond where tlic water was frozen 
m the furfacc to a confklcrablc ihickncfs ; a large epantity of fnow fell and 
covered the icc; the heat of the water was preferved and thawed tlic ice,, and 
the fnow at its under furfacc was found mixed with the water. 

' The dieat of the water under the fnow was at 33'', in which the fifli livci! 
very well, ' " , , , 

It would be worthy of the attention ,of the pliilofophcr, to inveftigatc thc^ 
caufe of the heat of ' the earth, upon what 'principle it is prc'fervcd, &c. . 


.VOL.'LXVilL ' '''.C," ■ ' F ffM 
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As all the experiments I ever made upon the freezing 
of animals, with a view to fee if it were polliblc to rc- 
llore the aaions of life when thawed, were made upon 
whole ones, and as I never faw lith return by thaw- 
ing I whhed to fee how far parts were fimilar to 
the whole in this rcfpe< 5 t; efpccially as we have it af- 
ferted, and with fome authority, that parts of a man 
may be frozen, and aftei'wards recover: for this piir- 
pofe I made the following experiments upon an animal 
of the fame order as ourfelves. 

In January 1777,1 mixed fait and ice till the cold was 
about o ; on the fide of the velfel was a hole, through 
w^hich I introduced the ear of a rabbit. To carry off the 
heat as fall as poflible, it was held between two flat 
pieces of iron that went farther into the mixture. That 
part of the ear projecting into the vefiel became ftiff, 
and when cut did not bleed; and the part cut off by a 
pair of feiffars, flew from between the blades lifce a hard 
chip. 

The ear remained in the mixture nearly an hour: 

: when taken out it foon thawed, and began to bleed; it 
became very flaccid, fo as to double upon itfelf, having 
loft its natural elafticity. When out of the mixture 
.nearly an hour, it became warm, and this warmth in- 

if) Vide Phil, TranC for the year’ 1775, Vol. LXV. part. II. p. 446. 

, ' ■ • ' ■ ' -creafed 
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creafed to a conliderable degree; while the other ear 
continued in its iifual cold, and. alfo began to thicken. 
The day following the frozen ear was ftill warm ; and 
two days after it ftill retained its heat and, thick nefs,. 
which continued for many days after.. 

About a w^eek after this, the mixture being the ftime as 
the former, I introduced both ears of the fame rabbit 
through the hole, and froze them both : the found one, 
however, froze firft, probably from its being confidera- 
bly colder at the beginning. When withdrawn, they 
foon thawed, and foon both became warm, and the frefli 
ear thickened as the other had done before. 

Feb. 2,3, 1777, I repeated thefe experiments. I froze 
the ear of a white rabbit till it became as hard as a board. 
It was longer in thawing than in the former experiment, 
arid much longer beibre it became warm ; however, in 
about two hours it became a little warm, and the day 
following it was very warm and thickened. 

In the fpring 1776 , 1 obferved that the cocks I had in 
the country had their combs fmooth with an even edge, 
and not fo broad as formerly, appearing as if near one 
half of them had been cut off. Having inquired into the 
eaufe of this, my ferVant told me, that it had been com- 
mon in that winter during the hard froft. He obferved, 
that they had become in part dead, and at laft dropped 
■ • . ■ ■ ■ F % . , . 
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alfoj tliat tlic comb of another cock had dropped iiitircly 
oft, which I did not fce, as by accidcrit lie burnt hinifclf 
to death. I naturally imputed this effect to thoib cornhs 
having been frozen in the time of the Jevere frull; and 
having, coiifcquently, loft the life of that part by tins 
operation. I endeavoured to try the folidity of this rca- 
foning -by experiment. 

I attempted to freeze the comb of a very large young 
cock (which was of a confiderable breadth) but could 
only freeze the ferrated edges (which proceiies u'cre full 
half an inch long) ;■ the comb itfelf being very thick and 
warm refitted the cold. The frozen parts became wliite 
and hard; and, when I cut off a little bit, it did not bleed, 
nor did the animal fliew any figns of pain. I next intro- 
duced into the cold mixture one of his wattles, 
which was very broad and thin; it froze very readily : 
upon thawing both the comb and wattle, they became 
•warm, but were of a purple colour, having loft that 
trahfparency which the other jiarts of the comb and the 
other wattle hadl The wound in the comb now bled 
freely. ^ / 

Both comb and wattle recovered perfe<5tly in about a 
■mopth. The natural colour returned firft neareft to the 
Ibuiid parts, inefeattrig gradually till the whole was be« 
come perfedtiy found.. - ; i 

■ , ' ' ■ '' , ' ' .'There- 
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There was a very material difference in the eScd; he- 
tween thofe fowls,, the ferrated edges of whofe combs 
I liifpedicd to have been frozen in tl-o winter of 
lydf, for they muil have dropped off. The only wav 
in which I can accouiri: for this difrercoce is, thiit in thoic 
fowls the parts were kept fo long frozen, tliat the niifro- 
zen or adtive parts had time to iniiame, and had bronglit 
about a feparatioii of the frozen parts, treating them 
exaflly as dead, llmilar to a mortified part; and tliat 
before they thawed, the feparatioii .was fo far com- 
pleated as to deprive them of farther liipport. 

As it is confidently aflerted, that fifli are often frozen 
and come to life again, and as I had never fuccecdcd in 
any of my experiments of this kind upon wdiole fifli ; 1 
made fame partial experiments upon this dafs of ani- 
mals, being led to it by having found a material difter- 
ence in my experiments upon whole individuals and only 
parts of the more perfect order of animals . i 

I froze the tail of a tendi (as high as the anus) whidi 
beeamp as hard as a hoard; when it thawed, tliat part 
was w'hiter than common; and when it moved, the 
wholp tail move^ as one piece, and the termination of the 
frozen part appeared .like the joint on yyhidi it moved. 

, , On the fanie day I froze; th^ tails of two gold fiOi till 
■they became as fplid as ;a piece of They wero^ 
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into cold water to thaw : they appeared at firft, for feme 
days, to be very well; but that jwt of the tail which 
had been frozen had not the natural colour, and the fin 
of the tail became ragged. About three M^eeks after a fiirr 
came all over the frozen part; the tail became lighter, lb 
that the filh was fufpended in the water perpendicularly, 
and they had almofi; loft the power of motion; at kit 
they died. The water in which they were kept was 
New River water, lliifted every day, and about ten gal- 
lons in quantity. 

I made fimilar experiments upon an order of animal a 
ftill inferior, viz, common earth worms. 

I firft froze the whole of an earth worm- as a ftan- 
dard; when thawed it was perfectly dead'. 

I then froze the anterior half of another earth worm ;' 
but the whole died. 

I next froze the pofterior half of an earth worm; the 
anterior half lived, and feparated itfeif from the dead 
part. 

As I had ftjrmerly in making my experiments upon 
animals, relative to heat and cold, made fimilar ones- on 

vegetables, and had generally found a great fnnilarlty 
between them in thefe refpears, I was led to purfue 
thefolaea upon the fame plan; but I was foil farther 
induced to eontimie my experiments upon vegetables, as. 

f'. ' lima*". 
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i imagined I law a material difference between them in 
their power of fupporting cold. 

From obfervations and the foregoing experiments it 
plainly appears, that the living principle \vill not allow 
the heat of fiich animals to link much lower than, ilie 
freezing point, although the furrounding atmolphere be 
much colder, and that in fuch a ftate they cannot fup- 
port life long; but it may be obferved, that moil vege- 
tables of every country can fuftain the cold of their 
climate. In very cold regions, as in the more Northern 
parts of America, where the thermometer is often 50° 
below o, where peoples feet are known to freeze and 
their nofes to drop off if great care be not taken, yet the 
fpruce-fir, birch, juniper. Sec. are not affeffed. 

Yet that, vegetables can be affedted by cold, daily expe- 
rience evinces ; for the vegetables of every country are 
affeffed if the feafon be more than ordinarily cold for 
that country, and Ibrae more than others; for in the 
cold climates abovementioned, the life of the vegetable 
is often obliged to give way to the cold of the country ; 
a tree lhall die by the cdld, then freeze and fplit into a 
great number of pieces, and in fo doing produce confi- 
derable noife, giving loud cracks whidi are often heard 
at a great diftanCe. 

In this country the fame thing fometimes happens to 
exotics from warmer climates : a remarkable inftance of 
■ . this- 
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this kiiKl happened this winter in his Majcil-y's g:irdt;ii at 
kcw. I’hc 'Ei 'ka arborea 'or Tree-heath, a native of 
t-'viJo an*''' Pnrtnppi, v.'hich had kept its h-rahh t a i ■( h- 
;i r’’: a Van -wad for four c-a 




i'.'i; vea.a'-, 


'ilk a mat, was 


]>y tli 


c 


(V it; I, 


;ut 


< u 


W'il 


'o„ing fie./.en i'plit into inmnncrable piccese^'. hut liic 
iliicftioii Is, is every tree dead that is fn)zcii? 1 cun only 
jli”, that in all the experiments I ever made upon trees 
and fiiruhs, wlietlierin the growing or adive date, or in 
the pailivc, that wiiole or part which was frozen, was 
dead when thawed. 


The winter 177-I afforded a very favourable op- 
portunity for mailing experiments relative to cold, 
which I carefully availed myfelf of. However, pre- 
vious to that winter, I had made many experiments 
upon vegetables refxJediiig their temperature compa- 
ratively with that of the atmof|)here, and when tliey 
were in their dififerent dates of adivity: I there- 
fore examined them in different feafons, with a 

(g) This niull be owing to the fap in the tree freezing, and orcujjyinga 
larger fpace when, frozen than in a fluid.ftatc, limilar to W’ater; and that there 
is a fnfficient quantity of fap in a tree newly killed is proved by the vafl: ([uan- 
.tity which flows out upon wounding a tree, But what appeared nioft remarka- 
t)Ie‘ to me was, that vin a walnut-tree, 'on. which I made many of my experi-, 
mentsv, Xobferved^ that more fap iffued out in tlie, winter than in the fummer. In 
the ftunmer,.;,a ’hole being bored, icafcely any came out 5 but in tlic winter it 
flowed out 'abundantly, i; ■, 
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view to fee what power vegetables have. I fiiall relate 
thefe experiments in the order in which they were made. 

They were begun in the fpring, the actions of life 
upon which growth depends being' then upon the in- 
creafe ; and they Avere continued till thofe ad'eions v/ere 
upon the decline, and alfo w^hen ail adtioiis were at an 
end, but whilft the paffive powers of life were ftill re- 
tained. 

The firft were made on a walnut tree, nine feet high 
in the ftem, and feven feet in circumference in the 
middle. 

A hole was bored into it on the North fide, five feet 
above the furface of the ground, eleven inches deep 
towards the centre of the tree, but obliquely upwards, 
to allow anyfap, w ►lich migiu': ooze through the wounded 
furface, to run out. 

I then fitted to this part a box about eight niches, 
wide and five deep, and f afteneu it to the tree : hic l)ot- 
tom of the box opened lilce a door -with a hinge. I 
fluffed the box with wool, excepting the middle, oppo- 
fite to the hole in the tree : for this part 1 had a plug of 
wool to fluff in, which, when the door was fliut, inclofed 
the whole. The intention of tlris was to keep off as 
much as poilible all immediate external influence either 
of heat or cold. ■ 

VoL. LXVIIL G The 
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The lame thermometer witli which 1 matlc my for- 
mer experiments, feveu inches un<l a half loin;’, was funk 
into a long lhather of- a peacock’s tail, with a Hit upon 
one fide to Ihow the degrees; by this means the liall of 
the thermometer could be introduced into tl;ie bottom of 
the hole.. 

EXP. I. March 29th, I began my experiments at fix in 
the morning, the atmofph'cre at 57®-’-, the thermometer 
ill the tree at 55°; when it was withdrawn tiie quickfil- 
ver funk to 5 3°, but foon rofe to 57°^^'^'. 

This experiment was repeated three times with the 
fame fuccefs. Here the tree was cooler than the atmo- 
fphere; when one fliould rather have expe<5ted to have 
found it warmer, fince it could not be fuppofed to have 
as yet loft its former day’s heat. 

EXP.. II. April 4th, half paft five in the evening, the 
tree at 5 6°, the atmofphere at 62°; the tree therefore 
ftill cooler than the atmofphere. 

EXP. in. April 5th, wind in the North, a coklifli day, 
fix o’clock in the evening, the thermometer in the tree 
was at 55°, the atmofphere at 47°; the tree warmer 
than the atmofphere. 

(h) The finking of the quickfilver upon being withdrawn I imputed to the 

crapoirating of -the moifiure of the fluid upon the ball., 
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EXP. IV. April 7th, a cold day, wind in the Noitli, 
cloudy, at three o’clock in the afternoon, tl\e tlicrrooriiC" 
ter ill the tree ivas at 4c,'’’, tlte atmolpliere at 42'- nll'o. 

EXP. V. April 9th, a cold day, witii iiiO'.v, hai!, and 
wind, in the Nortli-eail; at fix in the cvcahi'^ the iiicr- 
mometer in the tree at 45°,. the atiiiHofphcre at 39^. 


Here the tree was wcarmer than tlie atmofphcre, jud 
as might have been cxpoAcd. if tlicfe experiments 
prove any thing, it is that there is no ftandard; and pro- 
bably tliefe variations arofe from feme circiimilance 
wliich had no immediate conne6tion with the internal 
powers of the tree ; but it may alio be foppofed to have 
arifen from a power in the tree to produce or diminifli 
heat, as fome of them were in oppolition to the atmo- 
fphere. 

After having endeavoured to find out the comparative 
heat between vegetables and the atmofphere, when the 
vegetables were in acfiion ; I next made my experiments 
upon them when they were in the paflive life. 

As the difference was very little when in their moft 
active fiate, I could expe<Sl but very little when the 
powers of the plant were at reft. 

From experiment upon the more iniperfesSt claffes of 
animals it plainly appears, that although they do not 
refill: the effects of extreme cold till they are brought 
to the freezing point, they theh appear to have the 

G a' .'power 
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•power of refiilin" it, and of iu)t allo\A ing their eold to be 
broiiglit raiuh lower. 

To fee how far vegetables arc iiniilar to thofc animals 
ill this reipedf, I made fevcral experiments; I however 
■fufpedted them not to be limilar, bccaufc fiich animals 
will die in a told in wfhich vegetables do live; 1 therefore 
fiippofed that there is Ibme other principle. 

I did not coniine thefe experiments to the walnut 
tree, but made limilar ones on feveral trees of different 
kinds, as pines, -yews, . pojilars, &c. to fee wb at was the 
difference in different kinds of trees. The diliiTCnce 
proved not to be great, not above a degree or two : how- 
ever, this difference, although fmall, Ihews a princijile in 
life, all other things being equal ; for as the lame expe- 
riments .were made on a dead tree, which flood with its 
roots in the ground, limilar to the living ones, they be- 
came more conclulive. 

In Odtober I began the exiieriments upon the walnut 
tree, when its powers of adiion were upon the decline, 
and when it was going into its paffive life. 

EXP. VI. Odlober i8th, at half pall fix in the morn- 
ing, the atmofphere at 51°!-, the thermometer in the 
tree was at 55°i; but, on withdrawing and expofing i 
for a few minutes in the common atmofphere, it fell 
■' to 50°t-' ■ ■ ' ■ 
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EXP. VII. October 2 ift, feven oVlock in the mornings 
the atmofphere at 41'’, the tree at 47°. 

EXP. viii. 06tober 21ft, in the evening at five o’clock, 
the atmofphere at 5 the tree at 57'’. 

EXP. IX. Odober 2 2d, at feven in the morning, the 
atmofphere at 42°, the tree at 48°. 

EXP. X. 06tober 2 2d, one o’clock after noon,, the at- 
mofphere at 51°, the tree at 53°. 

EXP. XI. Odtober 23d, in the evening of a wet day, 
the atmofphere at 46°, the tree at 48°. 

EXP. XII, 06lober 28, a dry day, the atmofphere afc 
45°, the tree at 46°. 

EXP. XIII. Oftober 29th, a fine day, the atmofphere 
at 45°, the tree at 49°. 

EXP. XIV.. November 2d, wind Eaft, the atmofphere at 
43°, the tree at 43°. 

EXP. XV. November 5th, wet day, the atmofphere at 
43°, the tree at 45°. 

EXP. XVI. Nov. loth, atmofphere at 49°, the tree 
at 55°. 

EXP. xvii. November i8th, atmofphere at 42°;, the' 
tree at 44°. 

EXP. xviii. November 20th, fine day, the atmofphere 
at 40°, the tree at 42°. 

, ' , , ■ ' ■ ■ ' IXPiv, 
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EX:P. XI.X. Becember ad 

, the atmofphere at 

54% rtie 

tree at 54°. 




In all thcfe cxpcnmen' 

lS, which were malic 

;it x'cry 

difrcreiit tii 

ncs in tiie day, 

■tYh. ill the muriiing, 

nt noon, 

and in the ( 

eYening, the tree was in lomc degr*. c 

arniCT 

than the at 

molphere, exce 

pting in orw, \'. ] ;cn ti 

u.:ir teni- 

pcratnres were equal. For the fake of brevity 1 have 

drawn up my other experiments (which were 

made on 

difl’crent trees) into four 

tables, as they were 

made at 

four dilFere 

lit degrees of heat of the atmofphci 

’c, inchi- 

ding thofe made in the time of the very hardfn>tl in the 

winter of 17 7|. They were as follows. 




ift. 


Atmofpliere, 

^ Names* 

Height. Diameter. 

riv-at. 



Ft* in* Ft. Ifu 



Carol, poplar, 




Engl, poplar, 

4 

?9v 


Orien. plane. 

3 

30 


Occid. plane, 

3*6 3 

30 

■ 

Carol, plane. 

I i.| 

30 


Birch, 

3-6 2 - 

s9t 

ao-deff* Scotch, 

3*b 4 

3 8 


Cedar libanon, 

3.3 4-1 

384 


Arbutus, . ’ 

3.6 *3! 

30 


Arbor vitse, 

; : '3.8^ ■ :■ 3* 

29 


Diffid. Cyprus, 

3 ■■■': 

30 


Lacker varnifli 

3‘6 3 

30 


Walnut tree, 

■5 ' . ■ a,. 4 , 

3^' 
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The old hole in the walnut tree being full of fap was 
frozen up, but a frelli one was made. 


AtmofpIiere« 

Name So. 

2d, 

■Hciglit. 

Diameter. 

Hcato 

Spruce fir, 

Ft. In. 

4 

In. 

' 

0 

32 


Scotch fir, 

i-St 

It 

28 


Silver fir, 

3.1 1 

2 v 

30 


Weymouth fir, 

4.6 

2 -i 

30 

27 deg. ■< 

Yew, 

3-7 

3 

30 


Holly, 

2.6 


30 


Plumb tree, 

4 *. fi 

3 

3 i| 


1 Dead cedar, 

3 -II 

3 

29 


[Ground under fnow, 3 deep 34, 


Atmofplierc. 


214 deg. i 


3 d- 


Names. 

ilcat. 

'Spruce fir, 

23° 

Scotch fir, 

,23 

Silver fir, 

’23 

.} Weymouth fir, 

23 

Yew, 

22 

Holly, 

23 

Dead cedar, 

24 


The fame trees we mentioned when the thermometer 
was at 29°, in new holes made at the farite height,, and 
left fome time pegged up till the heat produced by the 
gimlet was gone off; but in which, as they were/moifl: 

. . fcom-i 
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from the fap, the heat could be very little, cfpecially as 
tlie gimlet svas not in the leaft heated by the operation. 

4th. 

Car. poplar, 1 7" 

Eng. poplar, 1 7 
Ori. plane, 17 
Occ. plane, 1 7 
Carol, plane, 17 
Birch, 17 

[ Scotch fir, 1 6-t 

It will he neceffary to obferve, that the fap of the 
walnut tree, which flowed out in great quantity, froze 
at 3 2,°. I did not try to freeze the fap of the others. 

Now, fince the fap of a tree, when taken out, freezes 
at 32°; alfo, fince the fap of the tree, when taken out 
of its proper canals, freezes when the heat of the tree is 
at 31°; and fince the heat of the tree can be fo low as 
17° without freezing; by what power are the juices of 
the tree, when in their proper canals, kept fluid in fiicli 
a cold? Is it the principle of vegetation? Or is the fap in- 
clofed in fiich a way as that the procefs of freezing can- 
not take place, which we find to l)e the cafe when water 
is confined in globular veflels? If fo, its confinement 
muft he very different from the confinement of the 
moiflure in dead vegetables; hut the circumftance of 

vege-. 


16 deg. 



of Animals and P'egetahks, 49 

•vegetables dying with the cold, and then freezing, ap- 
pears to anfwer the laft queftion. Thefe, however, are 
queftions which at prefeiit I fliall not endeavour to folye. 

I have made feveral experiments upon the feeds of 
vegetables fimilar to thofe on- the eggs of animals ; but, 
as inferting them would draw out this paper to too great 
length, I will referve them for another. 
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IH. l^bc Force of /red Gim/O'irdcr, arJ fbe IrJid/d rdociiJes 
of Cannon Balls, determned by'Expvr. ^icrfs ; Jrom sdiicb 


is alfo deduced the Relation of the Initial refori/v ta the 
IVeight of the Shot and the ^Piiantlty of Pomkr. By Mr,. 
Charles Hutton, of the M'lBdry ylcademy at Wool'.’v it ln 


Communicated by Samuel Hoiiley , LL,D. Sec\ R. S.. 


Read Jan. 8, rrs HESE experiments I made at Vvool- 
-A yffici-x in the fummer of the year 1775, 
affifted by feveral able officers of the royal artillery at 
that place, and other ingenious gentlemen. I'hc objed 
of them was the determination of the adtiial velocities 
with which balls are impelled from given piece,; of < an,- 
non, when fired with given charges of powder. Thcfc 
experiments were made according to the method in- 
vented by Mr. 'tw^BiNS, and deferibed in his trcatilc, in- 
titled, New Principles of Gunnery, of which an account 
was printed in the Philofophical Tranfadions for tlie 
year 1743. Before the difeoveries of that ingenious 
gentleman very little progrefs had been made in the 
true theory of military projediles. His book, how- 
ever, contained fuch important difeoveries, that it was 
. ' ■ ’ . ^ , foOH' 
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fooii trraiflated into feveral of the languages on the con-' 
tineiit, and the faiiioiis Mr. l. eulep. honoured it ndt]). 
a very extenfive commentary in his tranfiadon of it into 
the German language. That part of it hath always been 
particularly admired wdiich relates to the exj)erimental 
method of afeertaining the actual velocities of fliot, and 
ill imitation of which were made the experiments re- 
lated in this paper. Experiments in the manner of Mr. 
EOBiNS were generally repeated by his commentators 
and others, with iiniverfal fatisfadtion, the method being 
ib juft in theory, fo fimple in pradtice, and altogether fo 
ingenious, that it immediately gave the fulleft convic- 
tion of its excellence, and of the abilities of its author. 
The life which that gentleman made of this invention 
was, to obtain the adtual velocities of bullets experi- 
mentally, in order to compare them with thofe which he 
computed a priori from his new theory, and thereby to 
verify the principles on which it is founded. The fuc- 
cefs was fully anfwerable to his expedlations, and left no 
doubt of the truth of his theory, when applied to fudi 
pieces and bullets as he had ilfed: but thefe were very 
fmall, being only mulket halls of about one ounce 
weight; for, on account of the great fize of the ma^- 
chinery neceffary for. fuch experiments, Mr. robins ajnd 
other ingeiiious gentlemen had not ventured to extend 
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their practice beyond bullets of tiuit kind, and fatisfied 
tlicmfelves with, earncftly wifhing for experiments to be 
made in a fimilar manner with bulls of a larger fort, by 
the experiments in this paper 1 have cndcavcHircd, in 
fomexlegree, tofupply thisdefedl:, hav^ing made them with 
fmall cannon balls of above twenty times the fizc,,or from 
one pound to near three pounds- weight. Thefe are the: 
only experiments that 1 know of which have been made 
with cannon balls for this purpofe,, although the conclu- 
lions to be deduced from: fuch are of the greatelf impor- 
tance to thofe parts of natural philofophy which arc de- 
pendent on the effeifs of fired gunpowder; nor do I 
know of any other pra^ical metibod of afeertaining the 
initial velocities of military projedliles within any tole- 
rable degree of the truth. The knowledge of this velo- 
city is ot the utmofly coiifequence in gunnery : by meanS' 
of it,, together with the law of the refiftance of the me- 
dium, every thing js determinable relative to that bufr 
nefs ; for, befides its being an excellent method of trying 
the ftrength of dilFerent forts of powder, , it gives us the 
law relative to: the different quantities of powder, to the 
different weights of fhot, and to the different lengths and 
fiz'es of guns. Befides thefe, there does not feera to he 
any thing wanting to determine any inquiry that- eatt : 
be made concerning the flight and ranges of Ihot, except 
tire effedls aiifing from the r^filiance of the medium. • 
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0/ the nature of the experiment and of the machinery' 

ufed in it. 

The intention of the experiment is to difeover tlie: 
adtual velocity with which a ball iffues from a piece, in 
the ufual pra61;ice of artillery. This velocity is very 
great; from one thoufand to two thoufand feet in a io- 
Gond of time. For conveniently eftimating fo great a 
velocity,, the firft thing neceffary is to reduce it, in fome 
known proportion, to a fmall one. This we may con- 
ceive to be efFedted thus : fuppofe the ball, with a great 
velocity, to ftrike fome very heavy body,, as a large 
block of woody from which it will not rebound,, fo that 
they may proceed, forward together after the ftroke. By 
this means it is obvious, that the original velocity of 
the ball may be reduced, in any proportion, . or to any 
flow velocity which may conveniently be meafure<l, by 
making the body flatuck to be fufficiently large for it is 
well known, that the. common velocity,, wnth. which the 
ball and block of wood would move forward after 
tlie flrohe, bears to the original velocity of the l) dl only, 
the fame ratio which the weight of the ball hath to^ 
that of the- ball and block together. Thus then veloci- 
ties of one thoufand. feet in a fecond are eafily reduced to: 

rhofd: 
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thofe of two or tbi'cc tcct ooly; Vvhirh iivutli xclocity 
meafured by ar.y convenient mean;'., let lire minn 
ber (Icnoliog it be incrcafed in the I'i'oyoi [it>ii o! tlic 
wciglit of the ball t> tlic weight of the ba.ll and Idock 
rogefacr, and the ori: •Inal velocity of the ball ild If will 
thereby 1)C obtained. In thefc c-Kpeiiments, this reduced 
velocity is rendered very eafy to he meafured In' a vei'y 
iimplc and curious contrivance, which is this: the block 
of wood, which is ftruck by the ball, is not left at li- 
I'jcrty to move ftraiglit forveard in the direction af die 
motion of the ball, but it is fufpended, as tlic weight or 
bob of a pendulum, by a ftrong iron llem, haviii_;,>^- a 
horizontal axis at top, on the ends of which it raltratcs 
freely when ftruck by the ball. The ct)nfe{|ucnce of 
this finipie contrivance is evident: This large balliftic 
pendulum, after being ftruck by the ball, will be pene- 
trated by it to a fmall depth, and it will then fvving round 
its axis and deferibe an arch, which will be greater or 
lefs according to the force of the blow ftruck ; and from 
the fize of the arch deferibed by the vibrating pendu- 
lum, the velocity of any point of the pendulum itfelf 
■can be eafily computed; for a body acquires . the fame 
velocity by falling from the fame height, whether it de- 
feend perpendicularly down, or otherwife; therefore, the 
length of the arch deferibed, arid of its radius, being 
y,"'' ' s ' , , ^ ■ given, 
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given, its verfecl line becomes known, which is ti.e 
height perpeniLoularly defceiided by- the correfpondiiig 
point of the peiia'alnm. The height defcended being 
thus known, the velocity acquired in falling thnmgh 
that height becomes knoivn from the Gommon rules for 
the defeent of bodies by the force of gravity; and this is 
the velocity of that point of the pendulum ; this velocity 
of any known point whatever is then to be reduced to 
the velocity at the center of ofcillation, by the propor- 
tion of their radii or diftances from the axis of motion ; 
and the velocity of this center, thus obtained, is to be 
efteemed the velocity of the ■whole pendulum itfelf 
which being noiv given, that of the hall before the broke' 
becomes known from the given weights of the ball and’ 
pendulum. Thus then -the menfuration of the very 
great velocity of the ball is reduced to the obfervation of 
the magnitude of the arch deferibed by the pendulum,, 
ill confequence of the blow ftruck. This arch, may be 
meafured after various ways : in the following experi- 
ments it was afeertained by mcafuring the length of its 
chord by means of a piece of tape or fmall ribband, the. 
one end of which, was faftenedto the bottom of the pen- 
dulum, and the red; of it made to ilide through a fmall. 
machine contrived for the purpofe, which v/ill be hercr 
after deferibed; for thus the length of the tape drawn; 

' „ . ' Ollt„ 
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out, was equal to the length of the cliord of the arch de- 

feribed by the bottom of the pendulum. 

This dcfci'iption may convey a general idea of tlie 
nature and principle of the experiment; but bcfulos the 
•center of ofcillation and the weights of the ball and pen- 
dulum, the effedf of the blow dexrends alfo on the place 
tof the center of gravity and the point of impadt : it will, 
-therefore, be now neceffary to give a more particular de- 
feription of the machine, and of the methods of finding 
the abovementioned requifites, and then inveftigate our 
■general rule for determining the velocity of the ball, in 
:all cafes, from them and the chord of the arch of vi- 
. bratiom 

tOf the particular defer ipt ion of the machine^ and of tk 
determination of the centers oj gravity and ofcillation. 

Tab. I. Fig. i. is a reprefentationof the machine ufed 
In the firft three courfes of experiments; and fig. a. of that 
which was ufed in the other two. I fliall here deferibe 
the former of thefe, and afterwards take notice of the 
few particulars in which the other differs from it when I ! 
come to treat of the ufe of the latter. 

The pendulum confiffed of a block of found and | 
dry elm^ being nearly ' a cube of twenty inches longr 

whichl 
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which was faftened to a ftrong iron Hem on the back 
part of it by fcrew-bolts, having a thick iron axis at tlie 
top, whoih ends were turned truly cylindiical, to roll 


pretty freely in fockets made to receive tirem ; the whole 
being mpported by a fonr-Ieggcd Hand of very ilrong 
timber, which was fimily fixed in the ground, a is the 
face of the cube into which the balls were fired: I 


by 


means of the blow it is made to fwing round the axis 
Bc, and the chord of the arch thereby deferibed is mea- 
fured by the tape def faftened to the bottom of the wood 
at D, and flidiiig with fome flight fridldon through a 
little machine of brafs, fixed at e for that piirpofc, the 
tape being marked with inches and tenths, for the more 
eafily meafuring of the chord or part of it drawn through 
by the pendulum. The whole length of this pendulum, 
from the middle of the axis to the ribband at d, was 
I o 2,|- inches. The weight and the other dimenfions were 
taken each day when the exj>eriments were made, and 
then regiffcered; and the manner of difeovering the 
places of the centers of gravity and ofcillation was as 
follows: 

To find the center of ofcillation, the jpendulum was 
hung up, and made to vibrate in fmall arcs, and the time 
of making two or three hundred vibrations was obferved 
hy a halfifecond pendulum. Having thus obtained the 
yoL. TXVIII. I time 
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time airfwering to a certaut number ot vil>ratu>m.,^ tbc 
futaint.' of the center of ofcillalion i. caly : lev . t .. - 
note the number of vibrations made in i ■ ■ 

is well known, thatasOT:«::.l<>'‘=V;. ' 

tance in inches from the a:yis of motion to t'w . i onr oi 
ofcillation; and by this rule the place of that teou . o a . 
foiiiicl for each day. 

The center oi gravity was :ik cvrav,K‘il >y ‘-'nt. ui 
of the two following methods. Firit, 
a triangular prifm of iron Aig heing 
placed upon the ground with an edj^c ' 
upwards, the pendulum avas hud 
acrofs it, and moved forwarder backward on ihc item 
block as the cafe required, till the two cuds cxaaiy ha^i 
lanced each other; then, as it lay, the diiiappe 
■fured from the middle of the axis to the pait ■which, 
relied on the edge of the priffoj, pk^^ oi gravit;| 

of foe' pendulum..::' method, fyp 

was as ill the, fatter 

figures, , wh^ ■0' dr the 'axis being 

^ uprighis, ' and a chord 
ib'wer;' end' of the , pen- 
palTed over, a. pulley, at' p, dif- 
ferent weights w were fafteiied to the 
other eiid' of it, till the pendulmn was i 
‘ 'vf'.''':- brought 


or 


aife|ied;tp 
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1;,i to o. h.ori.zon.tal pol?don. Then, ttiking rJib die 

w hole W'cir;l!t of the pciKl'uIunp and its Icngili fi'oiii the 
axis to I'-ic bottom wlicrc the ^,h()rd was fixcclj the place 
of the cciitcr of pjiivity is found by tills projxnfion, as 
/> tlic v/eighi of tlic poiKlukirn : U' the a]>|)ci,Klcd weight 

: : whole length from the axis to the iiottosii : 


7 ' 


the diflaiicc from the axis to the center t)f gravity. 
Either of tlicfe two methoils gave the place of the center 
of gravity fiiilicientiy exact; but the coiiit ideiice of the 
refill ts of both of them was Hill more fatisfadory. 


Of the rule for computing the Velocity of the ball. 

Having deferibed the methods of olitaining the necef- 
fary dimenhons, I proceed now to the iiiveihgation. of tltf 
theorem by which the velocity of the liall is to lie com; 
puted. The fcveral weights and meafurcs being found 
let then 

b denote the weight of the ball, 
the whole weight of the pendulum, 
the diffcance of the center of gravity below the axis 
Jj. the (liftance to, the center of ofcillation, 
fS the difliance to the point ftruck by the ball, 

•Z the velocity of this point ftrUck after the blow, j 
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V tlie original yelocity of the ball, 
c the chord of the arch mcafiired by the tape, and 
r its radius, or the diftance from the axis to the f sot- 
torn of the pendiiluin. 

Then the effeifl of the blow firuck by the ball Is as 
— ; or, as kk \gh : :/> the weight of abody, tvhit h, 

being placed at the point ftriick, would acquire tin* 
fame velocity from the blow as the pcndiil^uni doir, 
at the fame point.. Here then arc two bodies, // and 

the former of which, with the velocity i», ttrikes I l ie 
latter at reft, fo that after the blow they botli pinceed 
uniformly forward together with the velocity X’.; iit 

w^hich cafe it is well known, that h:h +y[: i: e. : v ; and 

therefore the velocity zis- • But becaufc of the 

accellion of the ball to the pendulum, the place of the 
center of ofcillation will be changed; and from the 

known property of that point we find = to its tltf-* 
tance from the axis. Call 'this diftance of the center of 
ofcillation, of the mafs compounded of the ball wul 
pendulum, H. Then, fmee ^ is the velocity of tire 
point whofe diftance is we have this proportion, as 

k I ni-.zi j- = j^p = .the . veloaty uf this compotmd. 
center of ofcillation. : ’ 

^ ^ , : ' ' ■ ' Again^ 
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Again, fince — is the verfecl fine of the clefcrihed arc c, 
its radius hcing r\ therefore as r : ii :: — : x == 

’ 'ir 'Xrr hk-\-gp 

the verfcd line to the radius ii, or the verfed fine of the arc 
deferibed by the center of ofcillation, which call v ; then is 
V the perpendicular height defeended by this center, and 
the velocity it acquires by the defeent through this fpace 

is thus cafily found, vlx. as -s/ ifif, ; \/ v :: aa-l : x 

velocity of the center of ofcillation deduced 
from the chord of the arc which is acStually deferibed. 

tiaving thus obtained two different expreffions for the 
velocity of this centei', independent of each other, let an 
equation be made of them, and it will exprefs the rela- 
tion of the leveral quantities in the quellion ; thus then 

wehave^j:p^ = — from winch we obtain <i; = 

+ g'p X bkk + gfjp the true expreflioii for the ori- 
ginal velocity of the ball the moment before it Jftruck 
the pendulum. 

COROLLARY. But this theorem may be reduced to a 
form much more fimple and fit for ufe, and yet be fuffi-* 
ciently near the truth. Thus, let the root of the com- 

pound f 2 £loTy bk+gpxbkk+g/jp^h^^ extradteh, and it will 

be eqnalto,v^i>xp^;+:M'^;,^,. whlhiAthe ijaooooth paft 
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oi llic truth in fudi cufcs as y lavjucn. Ikit ii'i'u 

is iifiiallv but about the ^oct’i cr „:,ooht part 

/'P'j and that /!)/v di Iters Iroan M’x but by ai’cu' tlu,; 

Both or lootli part ot iticli, tucrciorc /■;' t/vt ‘.’biSlbui 
about the aooootli or 30oootb part of /p' -; . -’t \ . 

Goirfcquently v is - 8.0 2 <rs/[/a >< vary nearly. ( b-, 
farther, ifp' be written for k in the lail tcrni hk^ tlicn 


5.07 a tyy'v' /;;; , 


rnialiy -i; is = 8.02 V ]b x or v -■ 
which is an cafy theorem to I)e iilcd on all occalitifr ; 
and being within about the 3000th jjurt of the trntig it 
is fiiihciently exabt for all practical puiyMifcH vdiutcvt i’. 
Where it muft be obferved, that g, k, r, ma)' Ih- lakni 
in tiny meafures, either feet or inches, &c. provided they 
be but all of the fame kind; but muft be in feet, 
becaufe the theorem is adapted to feet, 

SCHOLIUM. As the balls remain in the pendulum 
during the time of making one whole fet of ex^ieri- 
mciits, by the addition of their weight to it, both 
weight and the centers of gravity and ofcillation will Ik* 
changed by the addition of each ball vrhich is iodgal in 
the; wood, and ^therefore be correaed 

after' every ■'fhot:in;i:he ftheOrejn;; forydeterminirig the 've- 
locity. 'p..: ./Nowthe., fucefeeding," vaub : of 'A Is alwayS' / 1 

'.'r,.; ■ ■ "or 
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or /’ miiil be corre6lcd by the coiitinnul addition of d: 
and is c^orrecletl by talda-'r alwavs y + or /. 

jicaiiy for cadi iiicccfilvc vivlise, of ; oi g i;:, corrcdtcd 
by adding always --y a to the next prcccdiiig ixiliic of /;•.■ 
and lafdy, h is corredted by tiiLing for its new values 


111 


licceilively ryyrj <>t by adding- alwar's hk, or b 


nearly, to the jirecccling value of h-, ib that the tlu'cc; 
coiTcdions arc made by adding always, 

■' b to the value of /), 


mmmmi fj' ^ I 

X h to the value of g, 

X b to the value of b. 

Before we proceed to the experiments it may not be 
improper to take notice of three feeming caufes of error, 
which have not been brotight to account in our theorem 
for determining the velocity of the fliot ; and to examine 
here whether their eftedts can fenfibly aJfted: the conclu- 
hon.. Thefe are the penetration of the ball into the, 
wood of the, pendulum, the relittance of the air to the 
hack of it, and: the fridtion on the axis ; by each of thefe 
three eaufes the motion of the pendulum feems to be, 
retarded. 'I'he prindple on which orir rule is founded 
fuppofes the raomerrtum of the hall to be (toinmunicated ’ 
to fhje 'jpten^uluto thisishc?! aWirafelgs i. 

4 - jb. ■' ' '' ; 'th.e 
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the cafe, becaiife that this foi^e is comnuniicatecl durf’-, 
the fmall time in which the ball makes t];c j.v'.'va'iM’i a' ; 
but as this is generally effected before the jJci'aUibeM h;i‘-. 
moved onc-tenth of an inch out of its ve/nr,;] omm: ^ m, 
•■and iirually amoimts to fearetJv mure ilirso ? h* 'o-'ih 


part of afccond, its cliccd will he<iuite imi'cn ; piioK-, .iiui 
therefore it nray fafeiy be neglctUtl in fhele i ri- 
rments. As to the fecond retarding force, or the rclillaut e- 
of the air to the back of the pendulum, it is ntanifi d 
that it will l)C quite infetitihlc, whcji it is et»i)iiiie!’cd that 
;its velocity is not more than three feet in a la'oiid, ih.a. 
.its fiirface is but about t\veiity indies f<|uare, ami tliat its 
'■weight is four or five iumdred piniwls. Neither ran the 
effect of the laft caufe, or the friCtion on the axis, ever 
amount to. a quantity confiderablc enough to f>c brought 
into accotint in thefe experiments : for, bcfidcs that care 
was taken to render this friiStion as final! as potliltle, tlic 
effect of the little part whidi does remain is nearly ba- 
lanced by the eifeCt it has on the diftaiicc of the i enter of 
ofcillation; for as this center wms determined from the 
actual vibrations of the pendulum, &c fi idlon on t!ie axis 
would a little retard its motion, and cawfc its vibrations to 
,;he'flower,.and the confeqttcnt .dlfimce of this center to 
be greater; fothat our theorem ''being 

multipied % .^.hidi h 

at 
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as the time of a vibration, it is evident that the fri6lion 
in the one cafe operates againft that in the other; and 
that the diftcreiice of the two is the real efficacious caufe 
of refiftance, and which therefore is either equal to no- 
thing, or very nearly fo. 

Thefe general caiifes of error in the principles of the 
experiments are therefore fafely omitted in the theorem : 
and our only care mud be to guard againd accidental 
errors in the actual execution of the bufinefs. 

Of the experiments. 

The gun, with which the experiments were made, 
was of brafs ; the diameter of the bore or cylinder at the 
muzzle was or a. 1 6 inches ; but its diameter next the 
breech was a fmall matter lefs, being there only or 
a.o8 inches; fo that the greated cad-iron ball it would 
admit wasjud 1 9!* ounces avoirdupois, or i-'- pound want- 
ing half an ounce ; but fometimes leaden balls were ufed, 
which weighed above i| pound, and fometimes long or 
cylindrical fhot which weighed near three pounds; the 
length of the bore was 4a|, or 42.6 inches, fo that it 
was nearly a o~ calibers long. 

The powder ufed was of the fort which is commonly 
made for government; the quanti|:y was two, four, of 
• LXYIIL , ' 'K ' " ' -eight 
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eight ounces to a charge, which w.t^v alu .ivs put iufo 
light flannel bag, and rammed more or h f’s .1. f’.puilU! 
in each day’s experiments, but wirlioii! v\u' uitn'.. .wu. 
wad before it. 


The dillancc of the gun from the luiultifun. u.it 
or 30 feet; which dittance was found by firiiH; the pk\ v 
with eight ounces of powder wirhout a b.d!, at dififi t-nr 
diftances, till the force of the elaflic fluid u ;is fomul mo- 

to moTC the pendulum. 


The penetrations of the balls into ihe w ood u i n- at- 
tempted to bo taken, but were Ciwin iief;leeied ui i .« 
of their uncertainty, toufe ofli, balls llrikio,. i„ 
or near the fame part of the wotal. The deptli of I’hu 
penetration feemed to be near. atom three iorl.es in (i,IUl 
wood when two ounces of ijowdcr w;is ullal. 

The firft raurfe of experiments wm the , „f 

1775. It being a clear, dry day. I'lie wtiplits aii.l 
meafures then taken were thus, vm. 

f = 3!t8 pounds, the weight of the i»n,luiu,„ 

/ = 7 a inches, the diftauce of the cento. • 

of foitv vihnH.1 i • **uned from the numlier 

bemg «adh to: 

40 ''- 


i Tf-tit-'C?--:, 
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40" : 6o' : : 4 : 9 : : 39.2, : 88. The number of fliot was 
eight, and the drciimftanccs and refults as exhibited in 
the following table. 


u 

V 

j,: 

B 

3 

V" 

Weight i 
of powder* ! 

'+.M , 

G •»**' 

* ' rt 

B-® 
.S H 

0 

hJg 

<^,a . 

*«< .jv, 

**. 

' U » ^ 

S o‘g 

r-H Ct! 

J ) 

U eisihtof i 
the ball. 

0 

•w 

G-i 

irz 

+-* 

Values 
of p . 

V allies 
of g . 

Chord 
of the 
arc, c \ 

V eloc. 
per fe- 
cond. 


Oz. 

!n. 

inches. 

Inches, 

Oz. 

Pounds 

Pounds 

Inches. 

inches. 

Feet. 

I 

2 

1.98 


92-5 


1.094 

328.0 

72.0 

13.0 

458 

2 

2 

1.98 

' 

92.5 

wl 

1.094 

329-1 

72.1 

17.8 

631 

3 

2 

1.98 

3*15 

91.6 

nl 

1.094 

330-2 

72.2 

18.1 

650 

4 

2 

1.97 

3-15 

9 t. 

ni 

1.078 

331-3 

72.3 

17.6 

646 

5 

0 

1.97 

3*15 

90.5 

o’, 

1.078 

332-3 

72.3 

16.3 

604 

6 

a 

1.96 

3 -I 5 

92.4 

0 

1.063 

333-4 

72.4 

16.2 

598 

7 

4 

1.97 

4-5 

92. 

nl 

1.078 

334-4 

72.5 

24.0 

881 

8 

i 4 , 


4'5 

90-5 

n 

1.063 

335-5 

72-5 

25.0 

95° 


By computing the velocities from our theorem invef* 
tigated in the corollary, they come out as they are here 
regilfered in the haft column of the table, and They are 
all pretty regular excepting the ftrft one, which is about 
one-fourth part lefs than the reft with the fame weight 
of powder, and which irregularity Tmtlf have been 
caufed by fome unperceived accidefth. ; Xh® 
and ^ were each corre6led by their refpeiftive theorems; 
va|Aiie,;p|i A 
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otit, becaiife that its corre£lioii was fo fiiiall as not tt) 
make a clifFerencc of above a foot or two ut n'loil: in the 
velocity: and for the fame rcafon this correction i> 
negie<ftecl, as quite unneceifary, in the rcil: of the experi- 
ments of the other days following. 

The mean velocity of the fecond, third, fourth, /ifth, 
and fixth numbers is 6 a 6, and of the feventh and eighth 
it is 915; that is, the velocity with two ounces of ixnv- 
derwas 6a6 feet fecond, and that with four ounces 
was 915 feet; and thefe two velocities arc in tlic ratio of 
I to 1.46. But the mean weight of the balls in tlic 
former cafe was 17} ounces, and in the latter it was 17 ’ 
ounces; and the ratio of the quantities of powder was 
that -of I to 1. But the dired fub-duplkate ratio of the 
powder, compounded with the inverfe fub-duplicatc 
ratio of the weights of the fhot, forms the ratio of 1 to 
1.4a, which is nearly equal to the ratio (1 to 1.46) oi" 
the velocities; that is, in this inftance the velcK’itics arc 
very nearly as the fquare roots of the quantities of pow- 
der diredlyj and the fquare roots of the weights of the 
balls inverfely* The powder was forced up witli only 
one Uroke of the rammer. 

The f^ond courf6 was on the 31! df lune, 

i 7 7 Sf which was a dear^ dry day, but windy. Same of 

"l.:,., ■ ' , . the 
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the experiments of this day are doubtful, as indeed is 
evident from their irregularity, on account of the v»dnd 
blowing the tape, which was not very prop<^iiy fccured 
by the little brazen machine through which it was made 
to Aide. 

The powder was taken from the bottom of a barrel, 
and the charges rammed a little clofer than thofe of the 
former day; and fo tight did the lliots fit towards the 
breech, that many ffcrokes of the rammer were necefiary 
to drive them home. 

The fourth and fifth Jliots were of a long form, which 
may be called fpherico-cylindiical, as they were cylinders 
terminated by hemifpherical ends, fo that their fedtion 
through the axis was of this form o, and the length of 
the axis was near double the diameter of the ihot. 

The fourth fliot, or firft of the long fort, ftruck fide- 
ways, making a hole of the Ihape of the above fedtion, 
only its length or axis was not horizontal but vertical, 
thus 0. 

The laft fhot lay obliquely in the wood; it appeared 
to have ftruck with its end foremoft, or nearly fo, as the 
oblique pofition in which it lay feemedto be cauiM by 
its ftriking againft a former Ihot lodged in the wood, 
the hance of its end, fo as to ftatten it in that part. 
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Of the pendulum, the wciglir, ccnfurf; of 

gravity and of ofcilhiHon were tlie fame as v. i ivo t.ikcii 
the former day l>ef(»rc the cxperini oiis wem maue ; the 
former balls having been e,\tracled. ant! tire IjoIs.- ; tilled 
up with wood. 


Number. 

0 

' 7:1 Jo 

,E*' 

'(U 6 

1' M 

0 ^ 

^ "3 

S 'Z,"‘ 

r1 

3 

’*«4 

1 0 

] V 

!.?; fJ 

1 htiVl d 

!XI 

• V 

Q-> 

'H ES'-' " 

u € 

M um.4 ,,'3 


W' ‘ 

. ^ u* 

V’ a lues 
ol" fu 

X'aiufs 
of A'. 

UhtHil 
ot Uic 

dlC*^ (ffif 

'1 

\ t Ivuh 

/-* f-- 

tcnihl. 

O/,. 

(n. 

Inches. 

Inches. 

O'/.* jpenituis 

uuthls 

Inc lies. 

Inclufs 

Feci* 

>1 

a 

Z.08 

2.85 

881 

> 9 i 

1 .2 1 <; 

32B.0; 

72.0 1 

1 24 -:) 


« 

Q, 

a.o8 

2.8s 

89 

19! 

1.2 ly 

3 ■'■9 2 

7 . 2 * 1 



3 

a 

2.08 

2.8s 

93 l 

» 9 l 

foa 19 

330.4 

72.1 

1 30.0 

94 i 

4 

2 

08 

,335 

93^ 

461 

2.906 

3 ,n-<j 

72.2 

! 570 

767 

■ 5 

2 

2.08 

3-35 

93 

461 

2.906 

334-5 

72.4 

54.0 

7 ;u 


Here the firftthot is again fo much fmaller than the 
two fpllpwing ones, that fome irregularity muft have 
^ttehCled it, on which account we cannot make any ttfe 
c||;it*.^,^^: mean between the fccond and third is 973- 

md between the fourth and fifth the mean is 749; that 
IS* tlse of .the 19! ounce ball is 973, and that of 

the 46|,dunee;£hpt749.foet/»<?r fecond, which twotium- 
hf|:!s: 4 re:m to .1. 'But thcTediirQcai fob-." 
^^Pheate mtio Of; the, weights (I9fand,4d# is thcTatio' 
of 4.|,4,fo li tlJerefore,fo thistnftancfe* the vel^ 
the foot is a the 

<-b{ . •" : ' .. ■ , aweifo „ 
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inverfe ratio of the fqiiare roots of the weights of the 
fliot. But the accurate ratio cannot certainly be drawn 
from thefe numbers, on account of the doiibtfulnefs of 
fomc of them, as was before obferved. 

It is very remarkable, that in the experiments of this 
day, the mean velocity with two ounces of powder is 
973, whereas it was no more than 626 in the former 
day with the fame quantity of powder, notwithftanding 
the balls were heavier with the greater velocity in the 
proportion of 1 9 to 17 nearly. This remarkable dif- 
ference muft be chiefly owing to the windage in the firft 
courfe : and from hence we may perceive the great ad- 
vantage to be gained by the ufe of balls approaching in 
I>roportion nearer to the diameter of the bore of the gun 
than what is preferibed in the prefent eftablifliment. 
Poflibly, however, fome part of this dijffereiice might be 
owing to fome fmall inequality in the powder, as that 
which was ufed this day was taken from the bottom of 
a barrel. Perhaps alfo fome part of the effetSl may be 
owing to tire greater degree of ramming which the pow- 
der had in this courfe* 

The thifd courfe was made oil the fath of Juhe, 
I 7 "f Sj it being a',elekr,^<ir5r^ and cairhday, _ The ix)wder 
in. the experiments of thii d^y, the faiae^ 

/'I. ' ' * degree 
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degree as in the lafl; one. It was alfo nearly the fame in 
the fucceediiig days, as may be perceived by iiifiK'ding 
the fourth column of each coiirfc, which, denening the 
height of the charge, fliews the degree of t'ejmpadtncls 
with which the powder w^as lodged in the piece. The 
dimeiifions, as taken this day, were thus: 

/> = 334 pounds, the weight of the pendulum, 
g - 7 1.4 inches, the diftance of the center of gravity. 

= 88 inches = y-t feet, the diftance of tlie center of 
ofciilation. 

r = r 0 a-t inches, the whole length to the tape. 


u 

0 

0:1 
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Weight of 
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. 
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W 

Height of 
the 
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Oz. 
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■Inches. 
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1 

2 

2.080 

2.8s 

94 

19I 

1*219 

324.0 

71.4 

23.0 

700 

2 

2 

2.036 

2.83 

94 

m 

1*141 

335.3 

7*5 

24.5 

799 


2 

2 * 0^5 

2.85 

931 


1^56 

.326.4 

71.6 

22.0 

7 '". 


4 

2.062 

4 |«# 

925 

*9 


337-5 

7**7 I 

* 7-3 

880 


4 

2.036 

4. 

93 i 

i8| 

MM 

328.7 

7 *. 7 j 

35*0 

t *63 


4 


4 ‘* 

93 i 

i8| 1 


329.9 

71.8 I 

33*0 

*087 


Here the common mean weight of the ball is 1 
oundes, the mean velocity with two ounces of powder is 
738, and that with four ounces of powder is 1043 feet 
per fecond. The ratio of thefe two velocities is that of 
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I to 1.414; that is, accurately the ratio of the fquarc 
roots of the quantities of powder. 


Of ibe experimesits made zoitb the other pendtdum, which 
is reprefented in Jig. a. 


The firft: pendulum was gradually more and more 
rent and fliattered by the firing of fo many balls into it, 
till at the end of the laft courfe of experiments it had 
become quite ufelcfs. Another was then fitted up, and 
with it were performed the two following courfes. 

This fecond pendulum confilfed Of a cubical block 
of found elm, of near two feet long, fixed to the iron 
ffcem, but not exacStly in the manner of the former; for 
in this the ftem was placed vertically over the center of 
the top-end, to which point it continued whole, but 
there divided in two, each palling to right and left over 
the top down the fides, and returning along the bottom, 
and being at proper intervals faftened to the wood with 
iron pins . A thick iheet of lead w'as faftened over each 


of the t#o upright faces into which the ftiot were to be 
fired^ both to guard them from fplintering very much, 
and to ^d; to the weight of the pendulum. The whole 
■#as then firmly fectired by two yory thick iron bands, or 
hoops, -pa^ffed i;h^.wood,.s||fed 

‘JiWOL.XXVin. . ,1 ‘ fhtnly 
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firmly fixed to it, the one next the upper end, and tlie 
other near the lower, fo as ftrongly to refift the endea- 
vours of the fhot to fplit the wood. 

The whole weight of the pendulitm» thus fitted up, 
was 552 pounds; its whole length, from the mkkllc of 
the axis to the ta^ie at the bottom, was 101 indies; the 
diftance to the center of gravity was 78 inches; and the 
diftance to the center of ofcillatioii was 8 8 inches cipial 
to feet, which was exadtly the fame as that of the 
former pendulum, their numbers of vibrations being 
alike in the fame time. 

Inftead of fufpending this pendnlnm, after tlic man- 
ner of the fortner, by the ends of its axis in grooves 
turned to fit them, they were only placed on flat, level 
pieces of wood^ on which this pendulum vibrated much 
freer than the other did; but a fmall nail was driven 
into the fupporting wood, juft behind each end of the 
axis, to prevent the ftroke of the fhot from throwing it 

©IJ., 'IXil© XTCwPilCjli 

^ ^Todhis '.pendulum waS' adapted a^bett.er machine for 
'the tape, to flide' through .than the former one was, the 
. ineenvenwjtce of '"Which had -often been, experienced, .by 
Ttsd^lc^ng aud-.,entangling;the.tape, fo asfo- interrupt its, 
freemofioh,' andhhee' indeed 'tohreak it.; 'This new one, 
v^wey€r,,is;arohqe veiT.lim^ei.:and-.|W from 

' • every 
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every incoiivenience, giving j nil: the neceflary degree of 
fridlioii to the tape, without ever hopping its motion; fo 
that of the real quantity drawn out by the vibration of 
the pendulum there could not poffibly be the leaft doubt. 
This fimple contrivance con lifted barely of about fix or 
eight inches of the lift of woollen cloth fafteiiecl ui>oii 
the arch of a fmall piece of wood, which was lhaped 
into the form of the feginent of a circle thus m. . the 
tape being made to pafs through between the curved fide 
and the lift, which was moderately ftretched and fattened 
by its two ends to thofe of the little arch. 

Upon the whole, the machinery was all fo perfed, 
and every circumftance attending the experiments of 
the two enfuing days fo carefully obferved, that I can 
with great fafety rely on the cbnclufions refulting from 
them. And as thofe of the one day were made with 
leaden balls, and thofe of the other with iron ones, 
which differ greatly in weight, every other circumftance 
being the fame, they afford very good means for difeo- 
vering the law of the different weights of Ihot, while 
the Variations in the powder from two to four and 
«ight ounces fumilh m with the rule for the difflr^t 
.quahritieS';hf ' ■' " ' ; , 
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The fourth conrfe was on the 2.0th of July, a fuic 
dear day. The powder was a niixturc of fcvcral of the 
iorts made for government, aiul the balls were (h lead. 
The quantities of powder were twt), lour, and tiglit 
ounces alternately; and the dinienfionsut tlrll were thus: 
P~ 5 52 pounds, the whole weight of the pciuluhim. 
r = loi inches, its whole length. 

^ = 78 inches, the diftance of the center of gravity. 

= 88 inches = 7~ feet, that of the center of olul- 
lation. 
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0 ^ 
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■' 4*4 
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30,5 
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,"2.'02f 

aJS • 

89.8 , 

a8| 

1.766 
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ns. now' coUea together the feveral yelocitics be- 
longing tO' the.'fame' qnaatitf qf 'iKiwderi^in qrdet'to take 
thek , means j thus-':.’ .fh,:; 


VeloCf 
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Vcloc, with Velnc. with Veloc. with 

2 ounces, ‘ 4 ounces, 3 ounc-es, 

6 x2 879 1164. 

622 871 1154 

605 870 1169 

3)1^39 3)2620 3)3487 

The means, 613 873 1 1 6 2 


The uniformity of thefe velocities is very ftriking, and 
the means with two, four, and eight ounces of powder 
are 613, 873, and 1162, which are in the ratio of i,. 
1.424, and 1.9; thefe numbers arc "neaiiy in the ratio 
of the fquare roots of the quantities (2, 4, and 8) of 
powder, the numbers in this latter ratio being: i, 1.4 14, 
and 2, where the fmall difference lies chiefly in the laft 
number. A fmall part of this defe6t in the greateft velo- 
city is to be attributed to the mean weight of the balls 
ufedwith it being greater than in the others; for the 
mean weight of the balls ufed with eight ounces of pow- 
der is 28 j ounces, while that with the two and four 
ounces is only 28f; the reciprocal fub-duplicate ratio of 
thefe is that of i to 1.006, in which proportion, in- 


creafing.! *9. the number for the greater velocity, it be- 
comes 1.91, which ilill Mis ^ s^/by .09, .which is 

about the ~d part too fmall for the fhb-duplicate, ratio of 
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the powder. This defea of ;i - at! part is ou iny; f o three 
cvicietit canfcSj c/Xf. i. *l,iie Ii'fs t)i' rvliiulei* 

through which the bull was imptikd; for by iufptxdintr 
the fourth column, (kuoting' the hei-foi .h lii.; , l,un<-c' 
it appeals, tliat the halls lay three or lour im' Ik'.s iieufci' 
to the muzzle of the piece u iih du' eighr *huu c charge 
than with the others, e. 1 he yg euter y of clai- 

tic fluid which efcaped in this cafe than in the others by 
the windage; this happens from its movine- with a 
greater velocity, in confequence of which a yp ca'mr epmn. 
tity efcapes by the vent and windage than wish tin* fnnl* 
kr velocities. 3 . The third caule is the greater quan- 

Uty of powder blown out iinfired in this cafe than in 
that of the lefs velocities; for the ball which was im- 
pelled with the greater velocity would be fooncr out of 
the piece than the others, and the more fo as it had a lefs 
length of the bore to move dirough ; and if powder fire 
- m^^hme,,whkh cannot be -denied, although indeed that 
■tn«|, isvnaamfeffly -very foort, a, greater quantity of it 
muft rehaain unfired when the hall with the ffrcamr w 

lodtydilhes frQra-themiece--rh^n,,i t ^ 

the. - thaq Whm that which has 

left vdoaty .goe, out, «d flill tU. mo« ft, « the 

^ 0^X0 much ex«fed«t that m the «hem. The 
efta, however, will urife chie«^ ftom the firft tmd 
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of thefe three caufes, as that of the fecond will amount 
to very little ; becaufe that the efFe6t arifing from the 
greater velocity with which the fluid efcapes at the vent 
and windage, is partly balanced by the ilrortcr time in 
which it a£ts. 

From the above rcfle6tions we may alfo perceive, how 
fraall the quantity of powder is which is blown out un- 
fired in any of thefe cafes, and the amazing quicknefs 
with which it fires in a!l cafes : for although the time in 
which the ball pafled through the barrel, when impelled 
by the eight ounces of powder, was not greatly different 
from the half only of the time in which it was impelled 
by the two ounces, it is evident that in half the time 
there was nearly four times the quantity of powder fired. 

The fifth or lafl: courfe was on the 2 iff of September, 
1775, fine clear weather, but a little windy. 

The machinery and the- balls were of iron, but pow- 
der the fame as in the laft courfe, and the diraenfions as 
follows : 

s= 553 pounds, the weight of the pendulum. 

r- 101 inches, its length. 

7 8| inches, the diftance of the center of gravity. 

h = 84.77 s inches = 7.065 feet, that of the center of 
ofcillation, the i^ndtii’am making 6'8 

, loofeeOnds. " ’ 

Ithfiaber 
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88.3 

18 9 

1.160 

564.3 

78.3 

log 

703 

li 

'■’ 4 

2.037 

4-3 

88.3 

i8 4f 

1.142 

565.5 

78.4 

14.8 

97.3 

■' ' i 2 

8 

2.036 

6.7 

88.3 

18 31 

1 140 

1 566.6 

78.4 

ao .6 

1 360 

,, « 3 ' 

: ' 2 

2.034 

, 3 - ■ 

92. 

i8 3 

1.137 

567,8 

, 78.4 

II. 4 

72s 

14 

4 

2.034 

.' 4.3 , j 

92 * 

18 3 

1.137 

569.0 

1 78.4 . 

15.0 

9 .S 7 



2.031 

6.7 

94 * 3 . 

18 i| 

*-» 3 « 

/ 570*1 

7U.5 

*2.5 

1412, 


: tis';iiqxr;take ’ft means 'among thoib of the Cmm 

qaant^,,of:'powc}ei> ■ ■■ 


■'Vclpc. 
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Veloc# with 

Veloc. with 

Veloc, with 

2 ounces. 

4 ounces. 

8 ounces. 

702 

1068 

1419 

68a 

1020 

i 3 Sa 

695 

94 ^ 

1443 

703 

973 

1360 

725 

957 

X 4 X 2 

5)3507 

5)4966 

5)6986 

The means, 701 

993 

1397 

And thefe mean velocities 

with two, 

four, and eight 

ounces of powder, arc as 

the numbers i, 1.416, and 


1.993; but the fab-duplicate ratio of the weights (two, 
four, and eight) of powder gives the numbers i, 1.4 14, 
and. a, to which the others arc fufEcieiitly near. It is 
obvious, however, that the greateft differepce lies in the 
laft number which anfwers to the greateft velocity, and 
which is again in defetft. It will ftill be a little more in 
defedt if we make the allowance for the weights of the 
balls; for the mean weight of the balls with the two 
and four ounces is 1 ounces, but of the eight ounces 
it is i8|; diminiftiing therefore the number 1.993 in 
the reciprocal fub-duplicate ratio of 1 8| to 1 8|, it be- 
comes 1.985, which falls ftiort of the ntraiber a by 
.015 or the 133d part of itfelf; which Jiefe<Sl is to, be 
VOL. LXVIlh M , '' '' 
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attributed to the fame caufes as it was hi the lad; couric 
of experiments before explained. 

Let us now compare the correlponding vclotities iii 
is coiirfc and the laft. 

Ill this (.0111 ic they are yo i , r i 

In th c kift they w ere 613, 873, 1162, 

Now the ratio of the firft: two mimhcrs, or the vt liKities 

with two ounces of poivder, is that of I to i.i*j.36; the 

ratio of the next two, is that of i to 1. 1375; mu! the 
ratio of the laft is that of r to i.aoai. But the mean 
weight of the lliot was, for two and four ounces of 
powder 281 ounces in the laft cotirfe, ami 1 8'. ounces in 
this; and for eight ounces of powder, it was 28 ’ in the 
aft, and 18-I in this: taking now the reciprocal fiib- 
dupheate ratios of thefe weights of ihot, wo obtain the 
ratio of I to 1.224 for that of the balls which were 

the ra^o^ r“ 

With “1* Which were fired 

with etght ounces. But the foil ratios above found are 

not greatly diffe^nt from thefe And the variatfeiTf 

C tl'c weights of 

WM mchne the fame way in this courfe, as they an- 
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We may now colletffc into one view the principal in- 
ferences that have rcfultcd from thefc cx[>cirinients. 

I. And firft, it is made evident by then), that pov/cler 
fires alrpoft inftantancoully, feeing tiiut almoit the whole 
of the charge fires though the time be much dimi- 
niflied. 

a. The velocities communicated to halls, or fliot of 
the fame weight, with dilferent quantities of powder, 
are nearly in the fub-duplicate ratio of thofe quantities. 
Ai^ery fmall variation, in defeat, taking place when the 
quantities of i^owder become great. 

3. And when fliot of different weights are fired with 
the fame quantity of powder, the velocities communi- 
cated to them are nearly in the reciprocal fub-duplicate 
ratio of their weights. 

4. So that, univerfally, fhot which are of different 

weights, and impelled by the firing of different quanti- 
ties of powder, acquire velocities which are direitly as 
the fqnare roots of the quantities of powder, and in- 
VCf feiy as the fquare roots of the weights of the ihof, ' 
nearly. ; . ' , 

^^■3cdtwp^fidt||efe&rfi'he:a■grea|: 'inQprQvqmeiit.,:,.m,ar- 
.tifiery tq tii^e ufe of fiabt of long or' of iaeavier 
anatter; for thus,fl4e’-'wo!roentpm of a fbot, wheii* fired 
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with the f.ime weight of junnler, would be iarrcafetl 

the ratio of the Iqiiare root tjf the weight t.d the tliot. 

6. It would alfo be an iinpnwciwtit to dintiniih tfe 
windage; for by fo doing, oiu>third or iu«hu of ihti 
ipiantlty of powder might be laved. 

7. When the improvements meutiojied in the 1 all two 
articles are confidcred as both taking place, it is evident 
that about half the quantity of powder might he faved, 
which is a very confiderable obje£l. lint important 
as this faving may be, it feems to be lllli exceetltd by that 
of the article of the guns; for thus a ftuidl giui may be 
made to, have the effe£i: and execution of (Hie of two or 


three times its fize in the prefent mmlc, by dlft barging a 
flaot of two or three times the weight of its natural ball 
or round fhot. And thus a fmall &ip might chfeharge 
fliot as heavy as thofe of the greateft now made ufc of. 


Finally, as the above experiments c|;hibit the regu- 
lations with Tegard'fo,, the 'W^t^hts of iMwdcr ami balls, 
when,, fired'' .'ilom',' the ' faf|e . piem ■ of o'rdnance, ike, ; fo 
by making fimilar expj^ments with a gun, varied in its, 
length, by cutting it a certain part before each: 

c^urfe of expiiniitttsj'-ije jlhllgencral rules for 

ilcter-.; 

mi»«d by them.' wWc^ 


' ‘ . K >1 ‘V Vh h 
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experiments were made, are fo fruitful in confequences, 
that, in conjunction with the effeCts refulting from the 
refiftance of the medium, they feem to be fufiicient for 
anfwering all the enquiries of the fpeculative philofo- 
ph'er, as well as thofe of the practical artillerift. 
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h! l‘V Darwin, 

('oniuiinucaff.'d h ’rhurna :, .\lUv-, /:,•>/. 


jVr.'iiili !0, 1777. 

Head j.un. 15 , I j £ tollowing calc in fqnintiug;, us u 

explained l)y otlicrs, may pcrliaps merit }(nu' attention 
fmm its noyelty. 

About fix years ago I was dcfircrl to fee a c liiid of the 
reverend Dr. sandford, in Shroplhirc, to determine if 
any metbod could be devifed to cure him oF ftjuinting. 
The child was then about five years old, and cKcccdingly 
tradable and fenfible, whicb enabled me to make the 
foHowing obfervations upon him with great atxmracy 
land frequent repetition* 

: : fTy-Me viewed ;every otyed which, was prcfcntec! W; 
;::him with;hnt one'cye at a time, 

^ .a,' lif '>":^e;;;.qbjed, WaS' prefertted' o,n his '.right-fidc, he 
^ Tifeyved it With Ms left eye; and if it wag prefented on, 

Ms l^Mde, he viewed it with his right eye, 

. He turned the pupil of that eye, which was on the 
Came fide with the objedl, in fuch a dirc^on that the 

' imag? 
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image of the object might fall on that part of the bot- 
tom of the eye where the optic nerve enters it. 

4. When an object was held directly before him, 
he turned his head a little to one fide, and obferved it 
with but one eye, viz. with that moft diftant from the 
obje£l, turning away the other in the manner above de- 
fcribed; and when he became tired with obferving it 
with that eye, he turned his head the contrary way, and 
obferved it with the other eye alone, with equal facility ; 
but never turned the axes of both eyes on it at the fame 
time. 

5. He faw letters, w'hich were written on bits of pa- 
per, fo as to name them with equal eafe, and at equal 
diftances, with one eye as with the other. 

6. There was no perceptible difference in the diame- 
ters of the irifes, nor in the contraeffibility of them, after 
having covered his eyes from the light. Thefe obferva- 

tions were carefully made by writing fingie letters on 

* 

fhreds of paper, and laying wagers with the child that 
he could not read them when they were prefented at. 
certain diftances and diredtions. 

From thefe circumftanct^ it appeared,, that there ^^fas 
*no defedt in either eye, which is the cbthihbJi caufe of 
fqtxinting, fo well obferveft by M, BUKFOri and REib ; 
and heqee, th^t the difeafe was fimply a, depraved habit 
«f moving his eyes, and' might probably bfr 'wafted' ' 

' , ' ' ' ' ' by 
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by the form of a cap or hcad-clrcfc, ^viuch might have 
been too prominent on the fidcs of his ike, like Itluffs 
ufedon coach-horfes; and might thcnecj ii) early inlaiu y, 
iiavc made it more convenient for the duld to \'icw ob-. 
jcks placed obliquely with the oppohte t yey till by luilfit 
the mufculi addutlores were become ftronger, and more 
ready for motion than their antagonitts. 

A paper gnomon was made, and fixed to a caf); and 
when this artificial nofc was placed over his real noie, fo 
as to project an inch between his eyes, the duhf, rather 
than turn his head fo far to look at olilitiue ohjects, im- 
mediately began to view them wnth that eye whicli was 
next to them. But the death of Dr. sANDroim, wliidi 
happened foon after, occafioned the removal of his fa- 
mily; and the grief and cares of Mrs. sandfokd pre- 
vented this, and the other methods propofed, tram Ijcing 
put in execution. 

y About a month ago I had again an opportunity of 
feeing matter D. sandford, andobferved all the eircum- 
ttances of his mode of vitton to be exa6tly as they w‘cre 
-y.'i'fixjears before, except-that they feemed eftahlifhcxl l»y 
longer ,h^hit;.fo that I could not by any means induce 
hm to bend the axes.of>oth.his eyekon the fame olyea/: 
not even for a moment. ' ‘ 
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A gnomon of thin brafs was made to ftand over his 
nofe, with, a half circle of the fame metal to go rounfl 
his temples; thefe were covered with black filkj and by 
means of a buckle behind his head, and a crofs-piecc 
over the crown of his head, this gnomon was managed 
fo as to be worn without any inconvenience, and pro- 
jedied before his nofe about two inches and an half. By 
the ufe of this gnomon he foon found it Icfs inconve- 
nient to view all oblique objc61s with the eye next to 
thend, inftead of the eye oppolite to tliem. 

After this habit was weakened by a week’s ufe of the 
gnomon, two bits of wood, about the bze of a goofe- 
quill, were blackened all but a quarter of an inch at their 
fummits; thefe were frequently prefented for him to 
look at, one being held on one fide the extremity of bis 
black gnomon, and the other on the other fide of it. As 
he viewed thefe they were gradually brought forwards 
beyond the gnomon, and then one was concealed behind 
the other: by thefe means, in another week, he could 
bend both his eyes 011 the fame obje6t for half a minute 
together. 

By the pr^dlice of this exercife bcfoi’e a glafsj aliiiofi: 
every hour in the day, he became in another week able 
to read for a mimite together with his eyes' botlx dire6te4 
on the fame obje<£i:s ; and I have no^donbt, if be has pa- 
¥ol. .LXVm,, . ' ' , ■ > N : ' fience 
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tiencc enoiigli to pcrfcverc in thefe eHbrtP, but he u ill 
iii the couiic of fome months overcome this unlightly 
habit. 

1 llrall concUulc the account of this cafe ]>y adding*, 
tliat all the other fpiiiiting people 1 have had occaiion 
to attend to, have had one eye ranch lefs pcrfe<il titan the 
other, according to the obfcrvatioiivS of Mr. buffon and 
Dr. REID. Thefe patients, where the difeafed eye is not 
too bad, are certainly curable by covering tiic belt eye 
many hours in a day; as, by a more frequent ufe of the 
weak eye, it not only acquires a habit of turning to the 
obje6ts which the patient willies to fee, but gains at the 
fame time a more diftindb vifion ; and the better eye at 
the fame time feems to ‘ lofe fomewhat in both thefe 
refpe6ts, which alfo facilitates the cure. 

This evinces the abfurdity of the pra<Sticc of proliibit- 
ing thofe who have weak eyes from tiling them ; fmc:c 
the eye, as well as every other part of the body, acquires 
ftrength from that degree of exercife which is not ac- 
companied with pain or fatigue; and I am induced to 
believe, that the moft general caufe of fqiiinting in chil- 
dren originates from the cuftom of covering the weak 
: eye,;Wl^hhas hem difeafed by mf abcMental caufe,. 
heibre the habit of obferyiiig obje^s with both eyes was 
' ,|>e£fe(5lty^bftablilh'ed.. " d ' 

7 . .vv-., , '.The: 
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The facility with which mafter sandford received 
the images of oblique objects on the infcnfible part of 
the retina of one eye, wliilft he viewed them with the 
other, induced me to obferve the lize of this infeiifibie 
fpot, and to endeavour to afcertain the caufe of it. 

There wife formerly a difpute among philofophers, 
whether the choroid coat of the eye or the retina ^vas the 
immediate organ of vhion, which has lately been re- 
vived in fome raeafure in Dr. Priestley’s valuable Hif- 
tory of Light and Colours ; and it was then thought by 
one party in this difpute, that the defedt of the choroid 
coat, where the optic nerve enters the eye, was the caufe 
of this want of vhion in that part. 

But the following obfervation fhews beyond a doubt 
the fallacy of this fuppofition : the diameter of the optic 
nerve, at its entrance into the eye, is about one-fixth of 
an inch, and the perforation of the choroid coat, through 
which it pafles, muft of neceffity be of the fame diame- 
ter; now the dark fpot, which is feen in obje6ts oppofed 
to the center of the optic nerve, if it was occafioned by 
the deficiency of the choroid coat, fliould, at nine inches 
iliftance from the eye) he fifty-four times the diameter 
■uf this' aperture), on nine, inches in ■ -diameter; whereas I 
find, by e3fperknent,! that a pap^ of one inch in i|iatnet:w 
muld not be totally concealed ^pt nine inches dhtance 

-v-v;;;., ■ ' ■ -Nh 
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from my eye; and M. lk cat i>y accurate t)]tkTvntIo!i> 
iVnu'.d, that t!ic infcnliblc part ol’ his eye was hut he- 
t-vVCi'ti the tlilnieth aud fuiticth part t'f an iiH h in dia- 
nictcr. "jilts experiment is ib culily mad<‘, that it can 
he attended with no fallacy; atid at the jiuiu* time tliai; 
it Ihcvvs that the infenfible i'pot, where tl#optic neiAc 
enters the eye, is not owing to the deficiency of tlie ( ho- 
roid coat, intircly fubveits the opiiik>n of the choroiil 
coat being the organ of vilion; for vilitin cxilh where 
the choroid coat is not. 

Nor is the infcnfibility of the center of the optic 
nerve owing to the ingrefs of the arteries along with it 
into the eye ; for a large branch of this artery runs akmg 
the bottom of the eye, where vifion is moft diftiinSf, and 
becanfe all this artery is covered with the expanfc of the 
retina on the external lide of it, Mr. savage made au 
experiment for another piirpofe, which however flicws, 
thatdhe optic artery, where it is branched under or 
through the retina, does not much diftnrb the power of 
vifion. It is this : if you look on a white wall on a 
luminous day, with the Sun Ihining on the w'all 
only by its refledted light, you will difeern the parts of 
the w^ll become darker and lighter at every pulfation of 
the optic artery. This darker and lighter appearance is 
like net-work, and not uniform like the wail but 
ul:’;'::' . thO' 
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the whole, though rather darker while the diaftole of 
the artery comprcffcs the retina, is yet diHiiiaiy viiiblc. 

The following tircuraftance focnis to give rife to the 
iiifenfibility of the central part of the t)ptic nerve at its 
ingrefs into the eye, which I ha\'e obferved in fcvcral 
calves’ eyes. The point of a pair of fcifEirs was intro- 
duced behind the ciliary circle, and the whole of the 
cornea, aqueous humour, iris, and cryftallinc, being re- 
moved, the retina was beautifully fecn through the vi- 
treous humour fomev’hat magnillcd. On expoling this- 
to the fun-fliine, and infpeaing it w-itli nicety, a white 
filament, about the tenth of an inch in length, arifmg 
from the center of the optic nerve, was feen afeending 
ftraight upwards into the vitreous humour, like a thin 
white worm. The ufe of this may be to fupply the vi- 
treous humour or cryftallinc with nourifliment, whe- 
ther it he a nerve or an empty blood-vcflel ; but this is 
certain, that its rifihg lb high above the lurface of the 
retina muft render it incapable of vifion : whence there 
is juft reafoh to conclude, that this conformation muft 
he the true caufe of the infenfibility of this part of the 
eye. 

I do not affirm, that the human eye, either during ih- 
fancy or in our riper years, is fimilar in conformation to 
that of a calf, nor have we fuflicient opportimities to obr 

" ^ ■■ ’ ■' ' ' , fer*ve, 
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Icrvetlicni; bntlfiifpca this vclicl nKiy,arfcr the .sp’owth 
of the animal, be totally obliterated; and that, in Ihme ic\r 
inftanccs, the optic nerve may even in tins part become 
fcnfiblc to liglit. One iuttance I am certain I have 
i'cen, as it was in a man capable ot the motl patient 
and accurate oblervation, w ho on inimberlcls repeated 
trials, at diflerent times, in my prefence, could never 
dole light of the fmallell objecSt with either of his eves. 


Supplement to the cafe in Squinting, 

n Unce occurred to me, that the imiifual mode of 
Squinting deferibed in the above paper miift luve ari fen 
ifrom fome original difference in the fenfibility of ibme 
parts of the eye, which might have rendered, it more 
eafy jfor mafter sandford, when a child, to obllrve ob- 
jeas one eye only, and that with the eye moft 
.diftant,from >obje<51:s prefented obliquely to him. 

Two larcular papers, each of four inches tliameter, 
were ftu(^ agaihft the wall, their centers being exaiftly 

*:4^ht lindhes :;diilance from': each otiMjc. ■ On dofing 

:viewmg..the 'central' fpot^of mne ,of . thefe 
i^m,wi£h,the^eye.fc^ 

, . ' ; ■ , ^ ' twenty- 
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twenty-ilx inches from it, the other paper became invi- 
fible. This experiment \vas made on five i)cople of 
various ages, from ten years old to forty; and the p:ircr' 
difappeared to them all at about this diftance, or an inch 
or two more or lefs : but to mullcr sandford the paper 
difappeared at about thirteen inches tlihancc from the 
wall. Thcfe papers were afterwards removed to twelve 
inches, and then to four inches interval between them; 
and by the niceft obfervations on. repeated trials I found, 
that the paper,, equally with one eye as with the other, 
itniformly difappeared to him at about half the diftance 
it did to five others. 

Another curious circumftance is, that as large a paper 
difappeared to him. at half the diftance as it did to others 
at the whole diftance ; and hence the infenfible part of 
the center of the optic nerve in his eyes is, as near as can 
be eftimated, four times- the area of the infenfible part 
of the eyes of other people,, at the fame time that the 
angle made between the ingrefs of the optic nerve and 
the bottom of the eye is twice as great as in others . 

It is eafy to conceive thaty .in early infancy, when -any 
©bjeit which the child wifhed to infped was prefented 
obliquely to him, that on this fifft mdiftin<Sl view of it,, 
before either eye could be turned towards it, it wouldi 
appear much more briUiant an4 ^ contrary- 
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t:\c, than to that nt’arclr thi' ohjcvt, as lo great a part of 
it would ivnv i'.iH i>n tlie lu'i'.o ini’enfihle part nl'tliat eye, 
'I'his muJl uatrirallv indme him tos'ww it with the op- 
pofite eye, to whieh it already appeared more brilliant 
and diftiiKd ; and this to Itiin windd l>c lo mtu h eafier to 
uccomplith, as the iufentihle part of the nei'jccted eye 
was great enough to receive as large a part of an ohjed 
as ivS ufually viewed at once with accuracy, and hence 
would not confufc the vifion of the other. 

t muft beg leave to add, that; Iry wearing- the artificial 
nofe he has greatly corredfed the habit of vie w is jg ol> 
je£ls with the eye fiirthcft from them; and iua; niore 
and more acquired the voluntary power of diii'sil ing both 
his eyes to the fame ohjecSt, paiticultu ly if the he 
not more than four or five feet from him; and will, I 
believe, by refolutc perfeverance, intirely corredf this 
nnfightly deformity. Nothing hut the curiofity and no- 
tehy of the fubjed can cxcufe the length of this paper. 



I 97 1 


'Sf, A Cure of a Mtfcular ContraBion by EleBricity. By 
Miles Partington, in a Letter to William Henly, 
F.R.S, 


DEAR SIR, 


(jlreat Riiflcl-fticcv, 
. June li, 1777, 


Read Jan. 15, T X IS fomc time {nice yoti informed me that 
1777. I , , . , 

you had mentioned to Sir john eringle 

Mifs lingfield’s cure by eledtricity ; that it excited his 
attention ; and that it was his opinion, that the commu- 
nication of it to the Royal Society would be deemed im- 
portant and ufeful. I hope you will not blame my delay 
in the compliance with your reqiieft. I have waited for 
no other piurpofe than to obtain the lateft account of the 
permanency of thofe good eftecSls, which flie had then 


but recently experienced from our electrical experiments 
npon her. Of thefe advantages we have both had re- 
peated Gonftwnation| and 1 may now;, I believe, wifh 
,ftira:pcopriet!yj from;, the' hPtes l, made, for my own|fatif-, 
faction, fuhnaitth# following pardonl^rs of them to the in- 

s< 5 l,prto 
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were prcfent when I firft waited on this unhappy young 
lady, you will recollctSl the cottdition in which \vc (bund 
her. Her head was drawn down over her riglit fliouldcr; 
the hack part of it was twirted fo hir rout id, that her 
face turned obliquely towards the uppolltc iidc, l>y which 
deformity flie was difabled from feeing her feet, or the 
fteps as fhe came down flairs. The Jkrm-^maJkUeus 
mufcle was in a ftate of contraftion and rigidity. She 
had no material pain on this fide of her neck ; but, owing 
to the extreme tenfion of the teguments of the left fide, 
file had a pain continually, and often it was very violent, 
particularly in fuddeii changes of the weather. Her 
pttlfe was weak, quick, and irregular. She was hibjea 
to a great irritability, had frequently a little fever, which 
came On of an evening, and left her before morning; 
her fpirits were generally exceedingly opprefled, and at 
times fhe was flightly paralytic. 

She dated the origin of her diforder at fometliing 
more than two years fromithat period. She was fiiddenly 
feiifcedy gomg out of a warm rdoto into the cold air, with 
: 'a, paim'hpdn'the ;hack^ of' her head*, which^wdmitted of 
final! abatement lor fome months, contra<^ng gradnally 
the ttnofcles .to the 'melancholy 'defoithltyiwe'.then be- 

h^; indnotwithfiandmpt^fyfrttdehtm 

ufed tofuMue it, aii4 fhe fldaily/ adhered to every article 

■ ' ' preferibed ,, 
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prefcribed to her by the faculty, flie was fenfible of little 
variation fince, and that rather on the unfavourable fide. 

I urged her to make a trial of Eledricity. She was 
willing while llie was in London to try the experiment ; 
and, though the weather was remarkably tempeftuous, 
file came to me the firft tolerable day, and was eledrified 
the firft time February 1 8, 1 7 7 7 . 

I fat her in an infulated chair, and, conneding it by a 
chain to the prime condudlor of a large eledrical ma- 
chine, I drew ftrong fparks from the parts affeded for 
about four minutes, which brought on a very profufe per- 
fpiration (a circumftance flie had been unaccuftomed to) 
which feemed to relax the majioideus mufcle to a confi- 
derable degree ; but, as the fx^arks gave her a good deal 
of pain, I defifted from drawing them, and only fubjeded 
her a few minutes longer to the admiflion of the fluid, 
which pafled off without interruption from the pores of 
her fkin and adjacent parts. The next time flie came to 
me was the a 4th of the fame month : as flie had been in 
the ;;^teiloon of the firft day?s experiment, a good deal 
diforderedy I ebaoged th« mode of conduding, and fat 
her ih a conm!k)h diningyeha^ while I dropped, for five 
rainutdS} by -the means of a fergedifcharging rod a 

gltfs. handle,'/ very. the, mdftoidmy 

,,tuufcle, fromdts doula^^oiligln; #:.the Jkrnum, and ^ 
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eula to its inibrtion at the back of the licad. Slie liorc 
this better than before, and the fame good tffetl'l fol- 
lowed ill a greater degree, and without any of the fiihlc- 
quent ineoiivcnicuees. I law her the third time on the 
a 7th: Ihe uhU-red me die had cfci^ied hcr fcvcrilh fynip- 
toms on an evening, and that her fpirits were railed by 
the profpeft of getting lyell;, that, fince the lall time I 
eledrified her, die had more freedom in the motion of 
her head than die had ever experienced fincc the full at- 
tack of her difordei. X perfifted in eledtrifying lier after 
the fame mamier, March 3d,, 5th,, 6th, 7th, and 9th ; from 
each time ihe gained fome advantage, and her feverifh 
tcndeaGy and. nervous irritability went off entirely. 

The weather now letting, in very unfavourable, and: 
fearful of lofing the advantages we had liappily reaped’ 
from our early eftbits,,! requefted the favour of you, as 
her next-door neighbour,, to elearify her every evening 
wiUfe.lhe’Was mdawn,;,:aadffie'might,.if any alteraiioii. 
took'. .'place,,' fee' me, occ^ilioEyally,;, .Fortenately for hO'r,., 
you accepted Judgement 

md. oautioa^lff the next fort- 
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which life could not be clefirable, to a comfortable affo- 
ciatioii with her family and friends. 

I am^ &c. 

THE method I purfned was, to place the lady npKDii 
a ftool with giafs legs, and to draw ftrong fparks, for at 
leaft ten minutes, from the mufcles on both fides of her 
neck. Befides this, I generally gave her two fliocks from- 
a bottle containing 15 fquare inches of coated fnrface 
fully charged, through her neck and one of her arms,, 
croffing the neck in different diredlions. This treatment 
Ihe fubmitted to with a proper refolution; and it gave me; 
fmcere pleafure to find it attended with the defired; 
filCCefs., W. HENLT., 
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VI. An Account of a hn'^e Stone near Cape Town. In a 
Letter from Mr* Amlerfun to Sir John Pringle, Bart* 
P* R* .S’.; toitif a Letter from Sir William Hamilton, 
K* B. F.R.S* to Sir John Pringle, on bavins[ feen 
pieces of the /aid Stone. 


SIR, 


Cipc 'Of 

Ki»v, If*!* *77% 


Read Jaa, i|, r-^ j^£ honout yoii did me lad winter 
’ ; ***, when inXiondon, by approvijig of tlie 

Kptes I had taken GonGemmg the ixjifoDous efFe^ls of 


fome Ufties which had been eaten by part of tlae Refo- 
lutibii’s crew in her laft voyage, has made me take the 
liberty to write to yon on another fubje<a, which, though 
perhaps lefs interefting, is yet curious enough to deferve 
■! fope attentton. 


What I mean is, % ftone of an extraordinary' fine in'*;,' 
' this, country,' whidhijfe.iiA^ONirvwhoie papers relative i 
,, to this place were 'read :;befp|e'':ti|^:'4loyal Society, may - 
have mentibn^d; but it' could not be in fuch a manner 
as;ho'wilhed, 'as ifwas at-hi^; define that I .went to fee it; ' 
and' though neither mTtimbW abilities'' weft'' fufficient • 

to obferve every particular worth notice, I hope my fm- : 


ecre 
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cere intention of communicating any thing ufeful or 
curious will compenfate for thefe deficiencies. 

The ftone is fo remarkable, that it is called by the. 
people here the Tower of Babel, and by fome the Pearl 
Diamond. It either takes the laft name from a place 
near which it is fituated, or it gives name to the tradt of 
cultivated land called the Pearl. It lies upon the top of 
a ridge of low hills, beyond a large plain, at the diftance; 
of about thirty miles from the Gape Town, beyond 
which, at a little diftance, is a range of hills of a much 
greater height. It is of an oblong fliape, and lies North, 
and South. The South end is higheft; the Eaft and Weft 
fides are fteep and high; but the top is. rounded, and 
flopes away gradually to. the North end, fo that you can 
afcend it by that way, and enjoy a moft extenfive profpedl 
of the whole country. I could not precifely determine 
its circumference, but it took us above half an hour to 
walk round it; and by making every allowance for the 
rugged way, and flopping a little, I think the moft mo- 
derate computation mufl make it exceed half a mile.. 
The fame difficulty occurred with refpecfl to knowing its.' ? 
height; but I think that, at the Soiith-end, it is neatly 
equal to half its length : or, were I to compare it- to an 
objeA yoti are acquainted: with^ I fhouM fay Sf equalled.., 
the'doine of 'St, Paul’s Chwch,-;- .j ;. ' 
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i am iinccitiun whcilicr ii. to I'c i^iilulcrctl as. 

the top of file bill, or a dctacUctl tltine, ba‘:iuii: there is 
no poJitive proof of either, imlefs wc were to hie, ahmit 
its bale; but it wmibl certainly impref’. e\ er'; heholiler, 
at firft fight, with the itlca of its Ijciiig one Hone, not 
only from its figure, but Irccaufc it is really one 
uniform mafs from top to bottom, without ;un infer» 
ruption; which is contrary to the general charafherof 
the high hills of this country, they being commonly 
divitied, or compofed of different firata, at lead; if we 
may judge from the rows of plants or flirubs wlikh 
grow on the fides of the fteepeft, and, as I fuppolc, arc 
produced from the fmall quantity of cartli inrerpofed 
between them. It has indeed a few fiifiires, or rather 
imprelfions, w^ do hot reach deeper than four or five 
feet; and neat its North ehcl a firatum of a more com- 
l>a£b fione runs acrofs, whlch'."is'' not' above tw'clve 'ot, 
fOhirtieh indhes thitds, with'its fitrface tlivided imo little 
^ iqhtlres, or oblmrgSjdifpoM obliquely..'' 'This I'tratura Is 
j>eiq»epdicular; bub'whethdrlt-cttts'the' other 'h its baffe, 
or is fttperfidal, I cauiot determine, ■■ylts.'fiirfaceis'.a.lfof" 
, fo fmobth, 'that it'd^hdt4pi^iear''to have'fm*merly !»eeh ’ 
©i^fei^taied'fmmf any bther part, by violence, 

. AS Is the eafe with many dth'er'lj^fc fragments i but etv 
joys’ the’ escaa fituation whefelt ww originally placed, 
/T "'f-f ■ ” ':V ''..f,'.. ' : 
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and lias undergone little change from being expofed for 
fo many fuccelFive ages to the calcining power of a very 
hot climate. 

I have fent a fpecimen of the rock and of the ilratiim, 
which are both what the mineralogifts call faxa con^ilu- 
tinata or aggregata^ and confequcntly are different from 
the more folid ftones which conftitutc the greateft part 
of the moitntains here; and is likewife another proof of 
its being a fingle ftone. But it ought to be obferve\l, 
that the piece of the rock was taken from a thin piece 
or fcale, which the weather may, perhaps, have had 
■fome effedtupon, fo as to change or deftroy the cenient 
which keeps the pieces of the different ftones together, 
as it is very friable. 

It would be need lefs to attempt to draw any conclu- 
fions from this fliort defeription ; nor indeed ard I cer- 
tain if any ufcful reafoning could be made frohi it '-I 
fliall, however, leave that to your better judgement, and 
can only fay, as an apology for troubling you, that it 
aftonifhed me to fee its^ prodigious ftze ; and that, as I 
h&.d never feen or heard of any thing like it before, I 
thought it worth mentioning, efpecially as it hMl at- 
tradted the attention of one- who, though he had tra- 
velled a great way in this e^tt'eMve country, had certanly 
•VOL. LXVilL:..''.,.." ■ P:y,:' 
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not fecii its equal, or lie would not have wifliod to liavc 

this particularly examined. 


SIR, 

1 RETURN yon many thanks for the light of the 
Rones from the Cape of Good Hope. I have not time to 
examine them very minutely ; but they feem to lie both 
of the fame nature, gnmites., tlie fmailcr piece being 
only of a liner texture. The higheft ixfnts of the Alps 
are compofed of granite of the lame nature, ami ll*cm to 
have been lifted up by exhalations, volcanic cxplofons, 
or fome fuch caufes. This fingular immenfe fragment 
of granite moft probably has been raifed in the fame 
manner. Moft of the mountains which are called primi-* 
five (which I believe is only a term) arc of this texture. 

I am, Bcc. 

W. HAMILTON. 
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V'll. A Letter from Nathaniel Polhill, Lfq. Member of 
Farliament for the Boroiijrib (7/’SoutU^va^k, to Mr. John 
Belcliier, F. R. S. on Mr. dkb haw’s Improvements in 
the Cttlture of Bees 


BEAR SIR, 


Southwark, 

0£lohcr ttf 


Read Jan. *2, /T R. dEBRAW’s l>apCr Oil bcGS, wllicll YOU 
1778. I^y I , 

obliging us tt> procure me, has 

afforded me much pleafiux\ As a hirthcr difeovery of 
the nature and operations of thefc wonderful infe<5ls, it is 
a matter of great cairiofity, and muft have been an high 
entertainment to the naturalift who has made them the 
obj‘e6t of his attention; but with me, the merit of his 
publication does not end here: his difeoveries, if pro* 
perly purfued, may be of conhderable public utility; 
thofe who cultivate bees for profit will now be able to 
increafe the number of their ftocks at pleafure, by adopt- 
ing Ms method of compelling the commons to produce 
a queen. That the working bees fliotdd be capable of 
forming a queen in the manner he deferibes, l own at 
firft daggered' my belief y and' 'although fh#! experiments 

S«e PMlofophicarTranfaftionSj, vot hXyil. p. *5* 

, ' ... ’ P » 
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appeared to be decilive, yet, as the whole depended on 
his veracity, I could not be fatisficd without malting him 
a. vifit., I fonad him modeft, fcnfibic, and comninnica- 
tive,; and have had as much ocular proot as the i'eafon 
of the year would- admit. In fliort, I am. convinced of 
the fadt, but not lefs at a lofs to account tor it. 

The next difeovery is the ufe of the drones ; every one 
who has written on the fulyedl has given fomc tminion 
concerning them, but all very unfatisfadory. Many have 
acknowledged their ignorance ; and fome iiave abfolutely 
pronounced them ufelefs, and recommended their being 
deftroy ed, to prevent an unneceffary wafte of honey : 
even butler, in his Feminine Monarchy, or Hiftory 
of Bees, wliich he calls a book, written from experience, 
deferibes a drone-trap, which he recommends to be ufed 
for that purpofe: and it is at this time fo general an opi-, 
nion amongfl the bee-mafters in this kingdom, that lam 
perfuaded, nothing but the trouble , and difEculty of 
catching, them prevents many from ruining their docks 
of bees by this means ; I fpeak now from knowledge ; 
fome years, fince I loft aftrong colony by giving the ex* 
periment a fair trial. . 

I can alfb confirm his account of the exiftcnce of' 
di ones no larger than 'the common, bees^ having by 
^ ■ accident 
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accident difcbvered them laft Miclfiimmer in one of 
iiiy boxes; debraw fays, the reafon of this difference 
in the fize of drones he fears muft remain among the 
arcana of nature; but I will venture a conjedure from 
the general oeconomy of thofe creatures. The large 
drones confume a great quantity of food, and, as foon 
as the breeding feafon is over, are all deftroyed by 
the working bees, evidently to avoid the expence of 
keeping them: and they do not appear again till the 
middle of April, when honey is plenty; though the 
breeding begins in March, or, if the fpringbe forward, 
the latter end of February: from hence I think it 
may fairly be concluded, that the fmall drones are pre- 
ferved to impregnate the eggs in fpring, in preference to 
the large ones, becaufe they devour lefs honey ; and this 
is no inconliderable objed, few hives being fo well pro- 
vided as to have much to fpare at that feafon. 

The only thing wanting to introduce Mr. debraw’s 
difeoveries to general pradice is, to contrive a method of 
making his experiments fo eafy, and with fo little dan- 
ger from the flings of the bees, as may recommend it to 
little farmers and cottagers in the country. This I iflialh 
endeavour to do next fummer, and am not without, 
hopes of fucGeeding; this once- ^ 
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who has room enough in his garden to place twenty 
hives, may reafonably expedt a profit of at leaft ten 
pounds a year, with very little trouble and without any 
expence. 

l am, 
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VIII. An improved Method of tanning Leather. By David 
Macbride, M. D. communicated by Sir John Pringle, 
Bart'. P. R. S. 


SIR, 


Dublin, 
May 30, 1777, 


Read Jan. 22, y\ GREE ABLY to the promifc which I 
jr\, made you fbme years ago, I now fend 
you my fecret method for the more expeditious tanning 
of leather. If you think the letter, and paper which it 
inclofes, worthy of the Society’s attention, you will pleafe 
to prefent them. I have already delivered in one of thefe 
fetsof inftrudtions to our Dublin Society (who have been 
acquainted with the whole progrefs of this affair fince 
the beginning) and have fent two others to the Societies 


Which are eftablifhed in London and Edinburgh, for the 


purpofe of encouraging trade and manhfaaures; as 
judging it will be more in their way than in the Kdyal 
Society’s to extend the utility of this ih^erition : for I 
apprehend' it; will require;'. 
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them, ill the way of premium, to fet the bufiiiefs a-go- 
ing, fo ftrong are the prejudices amongft tradefmeii of 
all forts agaiiift trying new practices, and fucli the rc- 
ludtance with which they quit their ancient ways of 
working. 

I am, See. 


SIR, 


Dublin, 
May 31, 1777. 


Y O U may pleafe to remember that I informed you, 
ibme years ago, of my having found out a way of tan- 
ning leather in lefs time, and at a fmaller expcnce of 
materials, than can be done by aay of the ways hitherto 
known or pradtifed; and promifed that, as foon as I 
Ihould find rayfelf at liberty to difclofe it, I would com- 
municate my method to the Royal Society. 

Accordingly I take the liberty of inqlofing a fet of 
inftrudtjiottS) which I drew up for the perfon who con- 
duf^ed the hufin^gfs of a large taii-yard' belonging to a 
company with had an engagement for- 

thefe lafl: four years; ^^’to-[)rehend will be found 
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fufficiently clear for enabling any intelligent tanner to 
avail himfelf of my improvements. 

I beg you will prefent this paper to the Society; but, 
as it cannot be underftood by gentlemen who are not 
already, in fome degree, acquainted with the ordinary 
procefs of tanning, I muft requeft their indulgence while 
I mention the principal operations in this branch of 
manufadure. 

The ufe of tanning is two-fold; firft, to preferve the 
leather from rotting; and, fecondly, to render it imper- 
vious to water. 

An infufion of any ilrongly-aftringent vegetable will 
ferve to tan leather, fo far as to prevent its rotting; but 
if this vegetable does not contain a good deal of gum- 
refin, it will not anfwer for enabling it to keep out water : 
and hence it is that oak-bark, which is more abundant 
in the gummy-relinous part than any of our common 
indigenous aftringents, is preferred to all other fubftances 
for the purpofe of tanning. 

The tanners prepare their bark by gently drying it on 
a kiln, and grinding it into a very coarfe powder. They 
then either ufe it in the way of infufion, which is Called 
ooze; or they ftrew the dry powder between the layers 
:„Vo,L. LXVm. ^ ■ ■■ y of 
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of hides and fldiis, when thefe .are laid away in the tan- 

pits. 

The ooze is made by macerating the bark in common 
•water, in a particular fet of holes or pits, which, to dif- 
tinffuifli them fi'om the other holes in the tan-yard, arc 

O 

termed letches. 

The firft operation of the tanner is to cleanfe his hides 
from all extraneous iilth, and remove any remains of 
flefh or fat which may have been left behind by the 
butcher. • 

The hair is next to be taken off, and this is accom- 
pliihed either by fteeping the hides for a fliort time in a 
mixture of lime and water, which is term ed liming or by 
rolling them up dole, and piling them in heaps, where, 
they quickly begin to heat and putrify. The hair being 
loofened is fcraped off, and the tanner proceeds to the 
operation called flefliing, which confifts in a further 
fcraping, with a particular kind of knife contrived for 
the purpofe, and cutting away the jagged extremities and 
offal parts, foch as the- ears and noftrils. 

The raw leather is then put into an alcaline ley, in 
order to difcharge the oil, and render its pores more 
capable of imbibing the ooze. The tannws of this 
country generally make their ley of pigeon^s dung; hut 


a more 
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a more active one may be prepared from kelp orpot-afiij 
taking, care, however, not to make it too ftrong of the 
aflies, nor to allow the leather to remain too lono- in the 
ley. 

The oil being fufEciently difcharged, the leather is 
ready for the ooze, and at firft is thrown into fmaller 
holes, which are termed handlers ; becaufe the hides or 
(kins, during this part of the procefs, are taken up, from 
time to time, and allowed to drain; they continue to 
work the leather in thefe handlers, every now and then 
ftirring it up with the utenfil called a plunger, which is 
nothing more than a pole with a knob at the end of it, 
until they think proper to lay it away in the vatts. In 
thefe holes, which are the largeft in the tan-yard, thfe lea- 
ther is fpread out fmooth, whereas they tofs it into the 
handlers at random, and between each layer of leather 
they fprinkle on fome powdered bark, until the pit is 
filled by the leather and bark thus laid mjiratum fuper 
ftratum : ooze is then poured on, to fill up interfticcs ; and 
the whole crowned with a fprinkiing of bark, which the 
tahiiers call a heading. 

In this manner the leather is allowed to macerate, 
until the^hnner fees that it is completely penetrated by 
the ooze: when this is accomplilhed (whSeli he knows by- 

Q ^ ' , ' " 
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cutting out a bit of tbe thickeft part of the hide) the 
manufacture is finifhed, fo far as relates to tanning, fince 
nothing no\y remains hut to dry the goods thoroughly, 
by hanging them up in airy lofts built for the purpofe. 
Such in general is the procefs for tanning calf-lkins, and 
thofe lighter forts of hides which are called butts ; but 
the large, thick, heavy hides, of which the ftrongeft and 
moft durable kind of foal-leather is made, require to 
have their pores more thoroughly opened before the 
ooze can fufSciently penetrate them. For this purpofe,, 
Whae the hides are in the putrefcent ftate, from being 
allowed to heat in the manner already mentioned, anti 
well foaked in an alcaline ley, they are thrown into a four 
liquor, generally brewed from rye, in order that the 
effervefcence. which necelTariiy enfues may open the 
pores. 

The tanners, term this operation railing, as the lea* 
ther is conliderably fwelled, in confequence of the con- 
fliCill^tween the acid and alcali. This is an Englilh 
invention; for it appears from M. de la lande, who. 
was employed by the Royal Academy of Sciences to* 
write on the ait of tanning, that the foreign tanners 
know nothing of this branch of the buline% indeed,, 
their whole procefs, accordingto Ms account, is 

and 
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and even more tedious than our common method, and 
mufi: make but very indifferent leather. 

When the railing is accomplilliedj the leather is puf 
into the handlers, and worked in them for the requifite. 
time; then laid away in the vatts, and there left.to mace- 
rate until the tanning is found to be completely finilhed,. 
which, for the heavi^ft kind of leather, fuch as this of 
which I am now fpeaking, requires from firft to laft full 
two years. At lead:, the tanners of this country cannot: 
make foal-leather in lefs time; what they are able tO; 
perform in England, I am not fO' thoroughly acquainted 
with. 

It is this tedioufnefs of the procefs which enhances 
the value of leather; and the returns being fo flow, the: 
trade of tanning never can be carried on to advantage,, 
but by perfons poffelTed of a large capital; therefore, one 
’ fare way of increafing the number of tanners, and of 
Gourfe of bringing down the price of their manufacSture,. 
is to ill Often the procefs; and if at the fame time we. can. 
improve the quality of the leather, and.fave fomewhab 
in the expence of tanning materials, the public will be ; 
elfentially benefited in refpedt to one of , the necefi^y 
articles of life. ' 
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All this, I will venture to fay, can be done by piir- 
fuing the method which is laid down in the inclofed 
paper, and which may be introduced into any common 
tan-yard. 

With refpea to time it is poffible, in the way that I 
have found out, to finifli leather in a fourth part of whixt 
is required in the ordinary procefs; for I have repeatedly 
had calf-lhins tanned in a fortnight or four weeks, which 
in the common way could not be done in lefs than from 
two to four months. 

I lhall not pretend, however, to affirm, that that bufi- 
nefs can be carried on in the large way with fuch expe- 
dition; becaufe a great deal of this abridgement of time 
was probably owing to frequent handling and working 
•of the leather ; but I am confident, and know it from 
four years experience, that in the ordinary courfe of bu- 
hnefs, and in a common tan-yard, the tanner may fave 
at lead: four months out of twelve, produce better lea- 
ther, and find his bark go much farther than in the old 
way of tanning. 

Having premifed thus much, I flatter my fclf that the 
paper of infem6i:ions will be found perfectly intelligible. 
It fhews, that the principles on which ray method is efta-* 
blilhed are derived from chemiftry, and therefore it will 

not 
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not appear ftraiige, that thefc improvements fliould have 
been made by a perfon of the medical profeffion. : indeed,, 
they took their rife from a feries of experiments carried 
on purely for medical piirpofes (the very fame that con- 
firmed me in the opinion .that, infufioii of malt ^YOllld 
cure the fea fciirvy) and any perfon who will look into 
the account of thofe experiments, will readily underftand 
the theory of the new method of tanning '"“k 

It would be trefpaffing on the time of the Society, to- 
enter into any detail of the circumftances that firft in- 
duced me to think of this matter, or to give a hiftory of the 
progrefs of my experiments, which at firft were made at 
home, and with little pieces of raw leather: it is fuffi- 
cient to fay, that the efficacy of this method has been 
fully proved by the experience of near ten years (during 
which I have thought proper to keep it fecret) and I 
now beftow it to the public. 

I am,. &c. • 

See the Effay on the dilTolvent Power of Qukkfilverj smong the Expe?* 
rimental Eflays on Medical and Philofophkal SubjeSis.. 
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InJiruSiions to fanners, for carrying on the netv method 
of tanning, invented by Dr. macbride of Dublin; 
whereby the leather is not only improved in its quality, 
hut tanned in much lefs time, and with a fmaller quan- 
tity of bark, than in any other method hitherto known 
or praBifed. 

AS die new method of tanning depends on this prin- 
ciple, “ That lime-water extrads the virtues of oak-bark 
“ more completely than plain water;” the firft thing in 
■which the tanner is to be injftrudted, is the making of 
lime-iy^ter«f, 

I. Provide a large veflH, in the nature of a ciftern, 
w’hctfe depth Ihall be at leafl: twice its diameter, and of a 
capacity adapted to the extent of the tan-yafd. 

II. This ciftern muft be fixed in a convenient corner 
of the yard, under a died, and fhonld ftand fo as that tlie 
liquor which is to be drawn off from it may run freely 
into the letches. 

HI. There muft be a cock fixed in the fide of the 
ciftern, about a foot from the bottom, to let off the con- 
tents; and there muft be a hole in the bottom of it, of 

five 
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five or fix inches diameter, which is to he ftopped with a 
plug. Let this hole open over a gutter. 

IV. The ciftern mufh be covered with a flooring of 
hoards, ftrong enough to bear a man’s weight; and front 
fide to fide of this lid there miift be an opening of two 
or three feet wide. 

v. If it can be fo contrived that a water-pipe may be 
led into the ciftern, it will fave the fervants a good deal 
of trouble; but if this cannot be done, a pump muft be 
fixed in the moft convenient way, for the purpofe of 
filling it from time to time. 

VI. The ciftern being once fixed (which is all the 

additional apparatus that the new method of tanning 
requires) the making of lime-water will be found ex- 
tremely fim pie and eafy. • 

VII. You are firft to fill the ciftern with water, and 
then, for every hogfiiead that it may contain, throw in 
ten or a dozen pounds weight of un flaked lime. 

VI ii. Mix the lime thoroughly with the whole bqdy 
of the water, by ftirring it exceedingly well from the 
bottom, with a bucket and plunger, until you perceifi^ 
that the lime is completely diffufed, and the whole mix- 
•ture grows as'' white as milk-; 'leave' "If men toTettleTor a 
(Couple of days, that the un;diffolvod;iwt of tjielimeih?^ 
.!::Yol.'LXV'UI. ' ' ' R ‘ . entir^y 
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entirely foblide, and the water become perfe(flly limpid, 
and clear as rock-water. Your lime-water will then be 
fit for immediate ufe. 

IX. The cock, as already mentioned, is to be fixed at 
leaft twelve inches from the bottom of the cittern, in 
order that only the limpid part of the lime-water may 
rup off; and the ufe of the hole in the bottom, which is 
ordered to be flopped with a plug, is to let off the grofs 
and infoluble remains of the lime, as often as it may be 
found neceffary to clean out the cittern. 

X. When the firtt brewing (as it may be termed) of 

l:ime-\yater is all expended, you are to fill up the cittern 
with water a fecoiid time; ttir up the lime from the hot-* 
tom with the bucket and plunger, fo as to mix it 
thdrblighly with the whole body of the water, as before 
diredfed^ and then leave it to fubfide for the requifite 
time. Thus you will have a fecond brewing of lime* 
rvater ; and you may go on in the feme manner to make 
a t|iif% Yohrth, fifth, or perhaps a fixth, of more brew- 
ings, ff CTO the lori^hai quantity of lime ; . provided yon 
ttiall find the' conttee fufficiently ■ ttrong. 

XI. There ’knowmg; 

IS ;fi.ifficieiitly ttrong. ; Thii",q:^'ls.‘by',the tafte, and this^a, 
little praaice will teach . ;th^^ , 
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by obferving a certain folid fcum, like the flakes of very 
thill ice, which collefls and forms itfelf on the furface of 
the lime-water. — As long as you find this folid fciira 
floating on the top of the water in the ciftern, fo long 
you may conclude that there is no neceifity for throwing 
in frelh lime. 

XII. But when the fcum ceafcs to appear, or you find 
from the tafte that the lime-water is not fo ftrong as it 
ought to be, you muft then take out the plug from the 
bottom of the ciflern, and clear it by fweeping away 
the grofs remains of lime: and after you have cleaned 
the ciftern, begin your brewings of lime-water auiew, 
and proceed in the manner already direded, as to ftirring 
up the lime, and leaving it to fettle for the neceffary 
time, fo as to have your lime-water perfeaiy limpid. In 
this manner you may go on from year to year, and con- 
ftantly keep yourfelf in flock with refpetft to lime-water. 

xin. It is this lime-water which is now to be ufed in 
making your ooze inftead of the plain, common watfr ; 
and this is all the difierence between th^ old and the 
new method of tanning; for when your ooze 
pared, by fleeping your bark in lime-water lln* the 
■letch'es,'''vas 'you flo':at--|^?srefft^,,;Only :rnhnmg:;if ^ 

''■'.V " ' ■ 'If ^ ;.w: 
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way that you have hitherto ufed..the common ooze, there 
not being the leaft.varlation required with refpedl to any 
of the previous management before the fkins or hides 
are fitted for the ooze. Every thing that relates to 
cleaning, liming, fleihing, &c. is to be conducilcd pre- 
cifely as in the old or common method of tanning; and 
. the goods are to be worked in the handlers for the requi- 
lite time, and then laid away in the vatts, with layers 
and heading of bark, juft as you now pradtife ; and when 
you obferve that the leather is fuffiiciently penetrated 
with the ooze, that is to fay, completely tanned, you will 
take it up, dry it, and afterwards drefs it according to the 
different ufes for which it is. intended. You are always 
to obferve, however, that the ooze is to he turned from 
one letch on- another before it is ufed,. other wife it will 
be apt to blacken the leather. 

XIV. What has been hitherto faid relates only to butts 
antl calfflkins r as to foal-leather, which is prepared for 
the' oofzhjljyiteping it in fome four liquor,, in order ra 
open its 3^^ it (according to the tanner’s 
phrafe) themeWr;!^ requires a different praaka 
from the'oldone.;‘?ft • 

XV. In the old method, ,the taimers ufe of fdnr-^ 

iiigs brewed generally qthCTgrains 

^ ■' , ■■ • .'V ■ , buh 
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Blit thefe liquors are not only troublefome to brew and. 
to ferment, but they are always uncertain as to their 
degree of fournefs or ftrength, which depends on the 
ftate of the weather, and. other variable circumftances ; 
thefe liquors are moreover exceedingly apt to rot the lea- 
ther, and, without great care, may injure it very ma^- 
terially in its texture. 

XVI. To obviate thefe inconveniences, you are to imi- 
tate the bleachers of linen, who make ufe^ of a four 
prepared, by diluting the ftrong fpirit of vitriol (vulgarly,' 
but improperly, termed oil of vitriol) with a fufficient; 
quantity of plain water- 

XVII. It was not without much difficulty that the 
bleachers could be prevailed on to quit their old four- 
ings, made either like yours of rye or barley, or of four 
butter-milk, from a groundlefs fear, that the vitriolic' 
fouring would corrode their cloth; but the experience of 
many years has convinced them of their error) and now 
no other fouring is ufed. In like manner the tanners 
at ffift may fome of them be afraid to ufe the vitriol, but 
a little pradtice will ffiew how far fuperior this fouring 
is to what they have hitherto ufed. They will hdteh 
find it fubjedt to any change in relpesSt to fiaretigth froiry 
variations of weather, or differeiit' degrees hf heat? tod ^ 

' ■ ■■ ■ ■' - ■ ■ ■ ■- ^ '■ 
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•;fo far from tending to rot the leather, it gives imnfiial 
firiiiriels 5 a-iiti tiic io?«l3 v/hicii aie 1 ailed l)y the vitiiolic. 
fouriiig are remarkably louiid, and always free Irom the 
flighteft degree of rottennefs. Befides, the fame four 
may do for many parcels of leather, by adding a little, 
vitriol to it; and it need only be thrown away, when it 
' becomes too dirty for nfe, by the frequent fucceffioii of 
hides. 

XVIII. A wine pint of the ftrong fpirit of vitriol, 
which will not coft more than nine or ten pence is 
fufFicient for fifty gallons of water to prepare the fouring 
at firft: therefore all you have to do, in railing the foals, 
is only to prepare them before-hand in the ufual way; 
and, when they are fitted for the fouring, mix up a quan- 
tity of vitriol and water, according to the number of 
hides that you require to have raifed, ftill obferving the 
proportion of a pint to fifty gallons, which will be 
enoughj.if the yityiol be of the due degree of ftrength* 
Thehides may lie in the fouring till you find them fuf- 
ficiently raifed, for they will be in ho danger of rotting^ 
as they would be in the common Com fourlngs^ which 
in time might torn putrid, and tot the leather; whereas, 
the vitriolic fouring keeps off putrefa<^on. 

(“aj The cal of 

eight or ten gallons, ' , 

„ ' ;■ XIX, When 
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XIX. When you find your hides fufficiently railed, put 
them diredtly into the ooze, and go on with the tanning 
as in the old way; and you will fee that the lime-water 
ooze penetrates raifed leather even fatter than it does 
butts or calf-lkins, allowance being made for their dif- 
ferent degrees of thicfcnefs. 

XX. Let it be now fuppofed that you have your cittern 
fixed, your lime-water prepared, and fome letches full 
of lime-water ooze, which has been, run through two. 
letches in order that the lime-water may completely 
fpend its force on the bark; you are not to throw away, 
what common ooze you have in ftock in the yard, but 
only as it fliall be fpent; then, indeed, you are to throw 
it away, and fupply its place with the lime-water ooze. 

XXI. In a very few days you will perceive the difference 
between the adtivity of the two oozes, the new and old,, 
with refpe£t to penetrating the leather; and thus, with- 
out any kind of lofs or watte, you will get rid of all your 
old liquors, and come fpeedily into a full ftock of the 
ooz© made with lime-water; and after you have got the 
lie w method , eft^'hlittied,. y our bufinefs will go in a re gu** 
lar courfe, and one parcel of gpods will fuGGeed another, 
as faft ^ you can manufadlure and difpofe of theiU. , 

XXII. 'TThoughit IS' pofl&bl© to.baff f0D&ll''p®rfce‘ls of 1^7 
idler, by yay of experiment^^l^ the ufe of lime-whtet: 
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■ooze, in n fonrtli part of the time which is required, if 
sonly common ooze be made ufe of; yet the bufinefs of a 
large tan-yard cannot be carried on with fo much expe- 
dition: but even in large works, and in the common 
courfe of bufinefs, foal leather can be completely tanned 
and finiihed, in, from eleven to fifteen months, accord- 
ing 'to the different weight and thicknefs of the hides. 
Butts in, from eight to twelve months, and calf-flcins in, 
from fix to twelve weeks; in general, the tanner may 
■fave at lead: a third of the time that has hitherto been 
required. 

xxiix. The leather, which is manufaftiired in the new 
way, is of a fuperior quality to that of the old tannage, 
efpecially the foal-leather, f^'hich wears remarkably well, 
and n^ver fhews the lead; fign of rottennefs. 

‘ xXivi Let it always be remembered, that the lime- 
water is never to be ufed but when it is fufficicntly 
ffrong, and as clear as rock- water. 

XXV. Whenever you make frefh' ooze, you mud: always 
ufe frefh lime-water, and run the ooze through two 
letches; and the lime-water ooze, when fpent, from lying 
on the leather, is never to he returned back upon the 
bark which is in the letches (as you now return your 
fpent ooze) hut mud: always be thrown away, as being 
■' ' ' ' ■ -entirely 
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entirely iifelefs; for which purpofe you miift contrive a 
gutter in the tan-yard to carry oflP the fpent ooze. 

XXVI. The letches ought to be under cover, left the 
rain get into them and weaken the ooze, and if the 
handlers are fheltered, it will be fo much the better; but 
it is of no importance to cover the vatts, provided, when 
the leather is laid away in them, they are kept conftantly 
full to the brim. 


XXVII. You muft always take care to have afiifticient 
flock of unflaked lime by you (for if it be flaked, it will 
not anfwer to make lime-water); therefore, get your 
lime frefli, if poflible, from the kiln, and immediately 
pack it in any kind of old dry calks. Weigh one of thefe 
calks, and it will enable you to afcertain the quantity of 
lime neceflary to be thrown into the ciftern each time 
you begin a frefh brewing of your lime-water, and 
thus fave you the trouble of repeated weighings ; not 
that there need be much nicety about the quantity of 
lime, a fcore of poundkovei* or under making no fenfible 
difference in the ftrength of the lime-water. 

xxviii. Any expence you may be at in procuring 
lime, which even in the largeft tan-yards can amount 
but to a trifle, will be amply compgiifated by the faving 
of bark; beeaufe, that lime-water fo com J»letely exhaufe 


Vol.: LXVIII. 
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the bark, and makes it go fo much farther than wheri 
the ooze is made only of plain water. As a proof of this, 
you may make a pretty ftrong ooze from the tan or fpent 
hark, which you now confider as completely exhaufled, 
by infufing in it lime-water. 

Tanners, as they become acquainted with the new 
method, will find it perfe< 5 lly eafy, and may no doubt 
make further improvements by experience. The fore- 
going directions were found fufficiently full for enabling 
a gentleman at Belfaft to carry on the bufinefs in an ex- 
tenfive way for thefe four years paft; and it is prefumed 
they will prove equally clear and intelligible to all other 
perfons in the tanning trade. 

Dublin, May tie ifl-, 1777, 
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IX. Ohfermtlons on the Population and Bifeafes of Chef- 
ter, in the Tear 1774. ^ J. Hay garth, M, D. 


Read Jan. 22, ry-^HE fa6ls afccrtained in the following 

^ f • jH 

tables prove Chefter to be healthy in 
fuch an uncommon degree, as will aftonilh thofe who are 
beft acquainted with the general ftate of mortality in 
large towns. In order to deduce fatisfa6tory and ufeful 
conclulions from thefe fa£ls, it feems neceffary to de- 
Icribe a few peculiarities in the iltuation of this city, 
which probably contribute to produce a falutary effedl. 
The intelligent reader will remark, in the following 
account, that the ftrudlure of Chefter prevents, in an 
uncommon degree, two principal fources of difeafe, ftag- 
nant raoifture and putrefacSlion. 

Ghefter is placed on a red, Candy, mouldering rock 
(Jaxum arenarium frtaMk ruhrum ) w:hich forms a riling 
promontory, whofe furamit is eleyated exactly ppe hun- 
dred feet above high water mark, an<i ,foriy feet aboye 
the adjacent country; from, this point the %eetsdeleehd 
with a gentle dq@|.vity every way to the edg6 of the roch» 
V ^ ’-'i 'whence 
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whence there is a perpendicular fall of many yards from 
every part of the town. 

The loofe rock on which the town is bnilt abforhs 
moifture: for being cut into filtering floiics, water fooii 
pafles throrigh its pores. The principal ftreets that meet 
in the centre of the city, are deeply excavated out of the 
rock, being funk fix or nine feet lower than the fur face 
of the ground. By this ftfudlure the foundations of the 
houfes are kept perfectly dry, as thoftreets quickly drain 
off the water, and the rock abforbs all the remaining 
moifture. For thefe reafons the cellars in general are 
dry, a circumftance that greatly contributes to health. 
Stagnant water in a cellar is probably very often the un- 
fnfpfefft^ caufe of putrid difeafes : its pernicious influ- 
ence feems to refemhle, in fome degree, that of bilge- 
water in a fhip. 

There is a form of building peculiar to Ghefter, 
called the Rows, which are covered galleries that 
make a complete communication between moft of 
the principaillreets. ThecRows are always dry and clean 
even in wet and ditty , w moderate the heat 

of fummer, and the coldnefe Of winter. Thefe uncom- 
mon advantages oftener tempt Abroad pbifons of a deli^ 
cate and valetudinary conftitution,' Whether they be en- 
gaged in bufinefs or amufementj by #hicli they obtain 
■ ^ ' ' the- 
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the benefit of frefii air and exercife, without inciirring 
danger from catching- cold. 

The walls are near two miles in circmnference, and 
furrotind the central part of the city : they are dry and 
clean immediately after the heavieft rains. The Rows 
form a dry communication with the walls from nearly 
every place within their circuit: their frequent afcents 
and defcents; their elevated, airy fituation, and varied 
profpedts; all contribute to render walking upon them^ 
peculiarly well adapted to preferve or reftore health.. 

The Dee, a large navigable river, divides a fmall part 
of the town from the reft, fkirts the lefs, and furrounds 
three quarters of the larger portion. . Where it makes 
this divifion, it falls over a caufeway, forming a widely 
extended cafcade, and then runs with rapidity down loofe 
rocks; the whole defcent is thirteen feet. The tide al- 
ways flows up to the town, where it rifes, on a medium 
of fpring tides fifteen feet, the higheft tides twenty -one 
feet : every new and full moon, about fix or eight tides; 
fibw dver the caufeway, and fometimes more than twenty 
miles above the town. Befides wafliing away the liquid, 
filth, which quickly runs into the river by a ftiorf courfe 
from nearly all quarters of the town* th^- agit^oh of 
the waters both by the cafcMe and tides is proBably of 
farther fervice in purifying.tjle .atoofphere..:^*^ , j , * 
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The air of Ghefter is uncommonly clear. In a regifter 
of the weather, kept for the laft four years, there were 
only fix foggy and thirty-two hazy mornings. In general, 
the atmofphere on the wefteni is much clearer than on 
the eaftern Ihore of Britain, though more rain falls on 
the weft than on the eaft fide of the ifland. 

The modern refinement of manners, under the op- 
probrious name of luxury, is generally thought to be 
peculiarly deftru6tive to health; but the true friend of 
mankind will candidly, and without prejudice, inquire 
into the fa£ts which only can determine his jiidgement 
on this important fiibje6t. A large portion of the inha'* 
bitants of Ghefter enjoy, with temperance, the elegant 
refinements of life; yet no diforder, except the gout, can 
be peculiarly afcribed to this caufe, in the tables of 
-difeafes for the laft three years, that is, no more than 
two deaths out of 1277. is to be obferved, that 

refined manners here, as th^ generally do every where, 
entirely b:anifhfil|e deftru<£l;i^e excei^^ of gluttony and 
drunkennefsl' ' It. is the large quantity, rather than the 
rich quiifery^ or exquifite flavour, of what we eat and 
drink, that is injurious to health. 

As the healthinefs of Chefter muft appear fo very 
extraordinary as to be altouft incredible, it is neceflary to 
declare, that the enumeration Wasinade 

■ ■ , ■ ' care 
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eare and fidelity;, and that the errors are, for ohvions 
reafons, rather on the fide of defedl than excefs, fo as to 
make the proportional mortality rather appear greater, 
not lefs, than the truth. Two fa61s may be mentioned in 
proof of this pofition. In 1772 the inhabitants of St. Mi- 
chael’s parifli were reckoned to be 6 1 8, and there cannot 
be the fmalleft fufpicion that there are fewer than this 
number; and yet by the furvey, Table v. they are only 
575. Again, the deaths, by fever, appear to be 35 from; 
the parifti-regilters, and only 28 from the furvey. I 
know no error on the fide of excefs, except in Trinity 
parifh, where a new ftreet has been inhabited only fix 
years. This circumftance will clearly occafion this dif- 
tri<St to appear in Table vii. more healthy than the truth,. 

In eftimating the hea.lth of the diftri<5t which belongs 
to the Cathedral, becaufe it appeared fo very extraordi- 
nary, particular care was tak.en to afcertain the exa£l" 
truth. As fome of thefe houfes have not been built the' 
whole period included in this calculation, more than a 


proportionable allowance of de^ is made for this defi- 
ciency. ' .. ' 

In order to exhibit ajuft and mofi: fliikmg view of the 
health of Chefter,, efpecially the center, beyond other, 
places both of town and country, the reader is ptrticu* 
l^ly requefied to compare tlifijCey^nthi. with.-thte' 
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table. The feventh table is compofed by finding the 
proportion of inhabitants in the different panfiies fepa- 
rately and together- in the fifth, .to the burials for ten 
years recorded in the fixth table. In the feventh table 
the mortality of whites in Jamaica is taken from Di. 
likd; of Liverpool and Manchefter from Drs. enfield 
andPERCiVAL, who direaed particular furveys of thofe 
towns ; of the other places, both town and country, fiom 
Dr. price : fo that no faas can be afeertained on npoi'e 
fefpeaable 3-nthorities. That the inhabitants of Cheftei 
fhould have near an equal chance of living to twice the 
age pf the -inhabitants of Vienna, London, or Edin- 
burgh; and that no large town, as far as inquiries have 
been hitherto made, fliould approach to a nearer propor- 
tion of longevity than as 28 to 40, are aftonifhing fadls, 
Tfie center is by far the moft falubrious part of the city ; 

qf:4eaths within the walls is only i in 58, a 

general is 

■' recordil'|Sil||^to|^ parifbeS' .which In- 

clude' the 'firbuilli^^P|i^j 5 |[Sy::jQhifs,, Mary’s, and 
Trinity, are. of the ;largeS^''i^f^^ comprehend many 
central parts, of tbeTP^h w are undoubtedly as 
' healthy as any of the rej^l, hi^t alfo conf^n all the 
Gut-fkirts, which confequentfy<''mqft: be .inucli..rn<h^e unr 
healthy than appears to be-fhe general .j^yeragf of deaths 
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in thoCe parifhes. It has been fufpeaed, as a reafoii why 
the central parifhes appear moft healthy, that more who 
die in the city may be buried in the fuburbs than the 
contrary; and, as a reafon why the whole town appears 
fo healthy, that more perfons who die in it may be 
buried in the country than the contrary; butonftria 
inquiry I can find no foundation for either fuppofition. 
The extent of the furvey both in each parifir, and in the 
town in general, correfponds with much exadnefs with 
the extent of the regifter. However it muft be con- 
feffed, that there is one circumftance which makes the 
center appear more healthy than the luburbs, though it 
rather tends to prove the reverfe. The cential paiiflies 
have a fmaller proportion of inhabitants in the weakeft 
period of life, or under the age of 15. The number 
under 15 in thefe parifhes is 888; whereas, had it 
borne the fame proportion to the whole number that it 
bears in the town in general, it would have been 1067. 
But this confideration could only reduce the average of 
deaths from i in 58 to i in 55 ; fo that, naaking all due 
allowance of this account, the center is ftill proved to be 


remarkably the moft healthy. 

There is one probable caufe that renders the fuburbs 
more hnhealthy than the reft of the town. , ^ part of the 
putrid which flowi from the center to thecircura- 
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ference, ftagnates in the ditches of the fuburbs, viz. the 
Headlands, Barker’s-lane, Horn-lane, and Grcg’s-i>it, in 
John’s pariflh..; Flnckerlbrook and Gov/-lane, in Ofwald’s 
pariar; Nun’s-lane and garden, Skinner’s-lane and Stye- 
lane, in Mary’s parilh; the. Sluices and the Rood ETye, in 
Trinity parilli. There is not one inftance of Ragnant 
water within the city walls, except in Nun’s-lane and 
garden. As there is a fufficient declivity from all thefe 
ditches into the river, it would be a very eafy and moll 
falutary improvement to drain them perfe< 5 lly, and feems 
highly to deferve the attention of our magillrates. The 
ancients were particularly attentive to fuch regulations, 
as appears from a letter of the younger Pliny to Trajan. 
Amajiriammm ^ivitas^ dominej et elegans et ornata^ habet 
inter ^r^eipua opera puicberrimam, eandemque longijji- 
jnam plateamz-cujus a latere per fpatium omne porrtgitur 
nomine quidem flumen^y re vero cloaca fcedpjima : qua Jlcut 
turpisy et immundijjima afpeAu, ita pefiikne eji adore 
ternmo. ^ibus ex caujis^ mnjgiinus Jalubritatis quafft 
decoris contegk 

By the indudion of numerous fads, two princi- 
pal fources. of condn;^d^ been: difeovered,. 

■that is,„,the conta^pi:!:<^,ri|^n;e||nyi^^ 

.miafmata: the latter is , .by frequently 

aflurning an intermittent typg^ or changing into a dy« 
fentexy.. It may be doubted, to whichfc 1 ^ 

, , , . . ■: " .'Ijencfr.'' 
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lence the putrid ditches of towns belong. From this 
filth being chiefly of animal origin, and from the ab- 
fence of both intermittents and dyfenteries, even in their 
neighbourhood at Chefter, I fliould conclude that they 
produce the fame kind of fevers as human contagion: 
and yet, I doubt, whether the agues and dyfenteries of 
Edinburgh can probably be attributed to any other caufe, 
.unlefs the frequent fogs of that place, qx miafmata from 
the north loch, and from the moift foundation of the 
houfes in the Cowgate, &c. where there was formerly a 
■ loch, may be fuppofed to produce fuch an effeft. 

Another reafon of greater mortality in the fuburbs 
feems to be, that their inhabitants in general are of the 
loweft rank : they want of the conveniences and 
comforts of life : their houfes are fmall, clofe, crouded, 
and dirty : their diet affords very bad nouriflrment, and 
their cloaths are feldom changed or waflied. Thefe parts- 
of the town are fupplied lefs plentifully than the reft 
with water. The air they breathe at home is thus ren- 
dered noxious by refpiration and putrefaction. Thefe 
miferable Wretches, even when they go abroad, carry a 
poifonbus atmorphere toutid their bodies that is diflin- 
ghiftied'by a nbifoitie and offenfiVe fmelly w’^hich is pecu- 
liarly difguftful even to the health* and vigorous, ex- 
citing ficknefs and a fbhfet of gfehe^l debility. It cannot, * 
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therefore, be wonderful that difeafes flioiild be produced 
where fuch poifon is infpired with every breath. This 
noxious air is the moft frequent caufe of malignant fe- 
vers. In thefe poor habitations, when one perfon is 
feized with a fever, others of the family are generally 
affe.tSted with the fame fever in a greater or lefs degree^ 
This dreadful confequence is naturally to be expedled,. 
as putrid fleams arifing from the difeafed body are added- 
to the other increafing caufes that produce noxious air. , 
If a regulation could be univerfally adopted of imme- 
diately removing out of the family fuch of the. poor, 
people as are feized with fevers, it is evident that the 
moft falutary confequences- would follow. Reafonable- 
objedions might be made. tcMreceiving fuch patients into 
the general inj5xmary, e veil, into feparate wards, left the 
infedtiomfhould fpread throug^r the whole houfe, which, 
in a. former paper on this, fubjeft was proved to. be 
healthy to an uncommon degree when compared with 
other hofpitals. But might not this and every other 
obje<5tion he^' obviated by eredling, on tho ground 
which adjoins.ian4helongs to the infirmary, a building, 
to be divided intdy%^p§y :ah^q. apartments,, 

where, patients rccom- 

mended,.. might he re^ceived dh ahy d^ of the week? Be- 
fides medical afliftance, they would', here enjoy clean. 



fopulation and Bifeafes of Clieftcr. 141 
Enen, airy rooms, careful attendance, and whoiefome 
diet. 

Towards the latter end of AugufE there appeared-^ a. 
fever which from its frequency might be called epidemi- 
cal. It was preceded by fultry weather, and commenced, 
immediately after a ftrong gale of wind from the weft 
on the lythj.fucceeded by eight fair days. It has been 
remarked by Dr. stedman,. that ftorms prevent epi- 
demics. I would: not alledge this as an inftance to refute 
the ingemous obfervation : but the want of rain during^ 
and eight days after, the high winds, was perhaps the 
caufe why they produced a pernicious rather than a falu- 
tary effed. The admirable difcovery of Dr. pb.I£stley,. 
that water correds and purifies air rendered noxious by 
refpiration and putrefa6tion, makes this conjedure ex- 
tremely probable^. 

From the fifth table it appears, that this fever attacked . 
285, and was fatal to a8, that is, to i in 10. It had the 
common fymptoms of malignant fevers produced by 
human effluvia, and particularly affeded the head with 
pain} giddinefs, and delirium. This fever attacked in.' 
general the loweljfc, few of the middle,, and none (or only 
one), of the; higheft rank. poor, when 

one was feized, the reft of the 

lefs,' ' 'With , 'like ; fymptqms;;,. but!; ih; ^ no,- ; .tli<f ! any , 
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jnarks of infection appear, even in the niirfes, where the 
patients enjoyed the comforts of clean linen and airy 
rooms. 

Antimonials of various kinds were given at different 
periods of the fever. They rendered the pnlfe lefs fre- 
quent in fome inftances, if reckoned immediately after 
the operation, but in very few cafes produced any lafting 
abatement of fymptoms. After a full effect: of the anti- 
monials, the Peruvian bark was given in a confiderable 
quantity; but it neither abated nor aggravated the fever. 
The remedy of raoft manifefl: fervice in this epidemic 
was topical evacuations from the head by leeches and 
blifters. 

From the fecond table it appears, that there were four 
fatal inftances of the puerperal fever in 1974; a difeafe 
which frequently Sccurred this year, though I had never 
before feen it in Chefter, during feven years pradice. 

In making the general furvey of tjie town, particular 

I 'j * ' ■ ' , I ' 

inquiries were made concerning the proportional fatality 

of the natural fmalbpox, in order to demonftrate the ad- 

vantages of inoculation, and to difcover at what age this 

operation fhould be; :|ii^forife,|#;;;th^ 

moft extenlively benefici;i^fd:fodi^iy*:';,3^he;prbportioh 

deaths by the natural fmalli-pox tpv.allj t^^^^^^ 

year is i .to % and 7-1 oths. ■ From' the'iith; it -is', evi- 

■dent 


I 
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dent that 1060 have never had the fmall pox out of. 
147 1 3 inhabitants, that is i in 14. 

The fafts recorded in Table iv. feem to determine the; 
age when children fliould be inoculated in order to fe- 
cure the greateft poffible benefit to mankind. It appears ■ 
here, that under one month old not one died of the 
fmall-pox; that, under fix months old only 7 out of 
20a; and yet that above a quarter of the whole died, 
under one year old. My ingenious friend Dr. perci val 
firfl: difeovered at Manchefler the fatality of the fmall- 
pox in early infancy, which induced him with much: 
candour and good fenfe to correct a former opinion oni 
this fubje£f founded on the greater fafety of inoculation- 
in children a few years okh Indeed, where children can 
be fecured from all danger of the natural infedion, the 
greater hazard to young infants from inoculation will be 
a fufficient reafon to defer the operation for three or four, 
years. The fmall-pox was fatal to 22 males and. 29 fe- 
males under one- year old, that is, to feven more females.. 
This fad’ confirms what Dr. percival obferved at Man- 
chefter. Thb epidemic fmall-pox began near the fum- , 
mer, and almoft ended at the winter folftice, only i pi 
remaining ill of the difeafe in January f 7 when the,, 
general furvey W®, taken- . " ^ , k 
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Dr. FRIGE, ill his excellent obfervations on annuities, 
has adduced numerous facts to prove that women 
longer than men. Thefe tables alFord many confirma- 
tions of the remark. There died this year, under 20 
years old 162 males and 149 females, that is, a majority 
of 13 males; 53 huibands and 50 wives, that is two 
more hiilbands; 28 widowers and 48 widows, which is 
only a majority of 20 widows; though by the general 
furvey. Table v. there are in Chefter 258 widowers and 
736 widows, or near three times the number. The total 
of males is 6697, of females 8016, hence there is 1319 
or nearly a fifth majority of females: it may not be im- 
proper alfo to obferve, that the women, efpecially in the 
higher and middle ranks of fociety, are remarkably 
bp.utiful. Thefe fa<as clearly prove, that the manners 
and fituation of Chefter are peculiarly favourable to the 
female conftitution. 

Other obferyatiohS may be deduced from thefe tables, 
which confirm, corred, or illuftrate, various queftions of 
importance to fociety. The number of married perfons 
in Chefter is 4881, of unmarried 9832, that is, nearly 
one-third is married, which is a common proportion* Up- 
wards of one-half of the inhabitants above 1 5 years old 
are or have been married, the proportion being as 4 to 7. 
Though Chefter is fo uncommonly healthyy yet this, 

' ■' ' ' like 
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like moft other great towns, is unfavourable to popula- 
tion. Thus it appears, from the general bill for ten 
years, that, on an average, one marriage produces lefs 
than three children. One caufe of this fmall proportion 
is probably the want of manufadlures, which might ena- 
ble the loweft clafs of people to marry in earlier youth : 
taking the whole town, the number of perfons in each 
family is 4 and The inhabitants under 15 years 

old are 4486, that is, more than a third. The proportion 
of deaths this year to the number of inhabitants is 
nearly at i to 27 : this difference from the common de- 
crree of health is occafioned by the unufual fatality of 
the fmall-pox. Table iii. fliews that the greater mor- 
tality of the fummer than the winter quarter of 1774 
was occafioned by the epidemic fmall-pox, which began 
in July: yet ftill that winter and autumn, taken together 
were more fatal than the fpring and fummer in the pro- 
portion of 326 to 2 20, that is, near one-fixth more died 
in the former than in the latter portion of time. 

There is a genera .1 prejudiep in Chefter, that it is un- 
healthy to inhabilt fhe Rows prejudice moft cleail} ic- 
futed by many of the-f receding -ohfervations. The Rows 
run along the central ffreetSj which include incompara- 
bly the moft healthy part of the town. 

.'.Tol.LXVIIL ■ . 
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That the center is the moft healthy part of the city; 
that a lefs proportion die annually here than in moft 
country villages ; and, as far as obfervations have hitherto 
been made, that it is probably as healthy as any fpot 
upon earth, are furprizing faas: yet thefc fads are 
clearly evinced by the united evidence of fix feparate 
diftrias taken on a medium of ten years. Some conjec- 
tures, fuppoited by a few faas, are hazarded concerning 
the caufe of unhealth inefs in the fuburbs. Future ob- 
fervations of a like kind, in different fituations, will con- 
fute or confirm thefe conjeaures, which, if true, may 
be of great importance to fociety by difcovering and 
avoiding the fource of difeafe. Towns divided and num- 
bered in feparate diftrias, compared with their rcfjieaive 
regifters, and illuftrated with a defcription of every cir- 
cumftance peculiar to each, that may be fuppofcd to in- 
fluence health, might, by a numerous induaion of faas*. 
lead to a certain inveftigation. of the caufe that renders 
towns fo generally unhealty. A diligent and fugacious 
attention to this fubjea might produce a difeovery how 
to make tow|^ as healthy It the country : a difeovery of 
the moft be^ficial confequence ip this age of elegant 
refinement which colleas the greateft part of mankind 
into large towns. 


T A B'h E 




































150 Dr. haygarth’s Obfervations on the 

TABLE HI. 

Total of Deaths. Deaths by Sniall-pox. 

r 46 ~ January - - o -v 

Winter 107 ) 30 - - - February - - - i I x - Wiiitcr* 

March - *- oj 

25 -- - - April ^ 

Spring 90 i 30 - - - May - - 3J. 6 - Spring. 

22 - - - July 

Snmmer 130^53 - - - Auguft - ~ - a6 1 65 - Summer. 

1 45 — — September^ — -- 28 J 

69 ^ w Oftober 46^ 

Autumn 219J76 . November - - 441x30 - Autumn* 

1 74 - - - December *- -- 40 J 

Total S 4 ^ .Total 202 

Igitur faluberrimum ver eji: pr oxime deinde ab hoc 
hiems: periculojior ajias : autumnus longe pericul^Jjimtis* 

CELS. lib. 11. C. 1. 


TABLE IV. 


Deaths by the fmalb-pox under one year oM. 



Males. 

Females. 

Total, 

Under T- 'ibdtitL 

- - 0 

- 0 
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' ' - ■ I ■ 

- I - 
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1 . 
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- a, ' 

4 
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■IZ", 

— 10 " - 

2 2' 

9 months and i 

year 6 

- i6' - 

22 
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22 

2'9'. ^ 

S'l 



'Population and Difeafes of G 

" 

TABLE V. 
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TABLE VI. 

General bill of the feveral pari/bes for ten years, viz. from 


St. Ofwald’s, 

1764/19 1773 inclujively, 

Chr. 

Bur. 

1053 

Mar. 

456 

Mary’s, 

m * 

• » 

820 

795 

294 

John’s, , 

« «> » 

% ♦ 

939 

00 

271 

Peter’s, , 

m * • 

1* if 

246 

149 

75 

Trinity, 

» <* 

• « 

445 

394 

127 

‘Olave’s, 

,» .* m- 

» * 

173 

96 


Michael’s, 

t » .# , * 

• » 

158 

IIS 


Bridget’s, ^ 

r « « • 

* « 

131 

1 10 

69 

Martin’s, , 


» •« 

lOI 

103 

SO 

Cathedral, 

« « « * 

' 4 i * 

8 

24 

0 

General, Bill fori 

Total 

1 males, 

226 1 

3970 

3731 

1427 

' ; ^,1,1 ' ' .'It r / ' 1 

the year I77'4fj 

f^,jfemales, 

19s J 

4 «|L 55 ? I 

546 

141 
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TABLE VII. 

ffje numbers that die annually in the feveralparijhes^ taken 
upon an average of ten years, viz. from the year 1764 
to 1773 inclujively, 

St. Mary’s, . . . . , i in 30 

Ofwald’s, . . . . . I in 36 

John’s, . . . . . I in 36 

Trinity, . , • . .. t in 41 

Michael’s, .... ... i in 50 

Olave’s, . I in 55 

Bridget’s, . . . . .. I in 56 

Martin’s, . , . . - i in 59 

Peter’s, . . . . • i in 6 1 

Cathedral, . . . . i in 87 

The whole town, . . . . i in 40 

The pariihes within the walls, viz. Michael’s,' 

Olave’s, Bridget’s, Martin’s, Peter’s, and Ca- - i in 5 8 
thedral, . • 
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table VlII. 

''^he proportionable number of inhabitants that die anuHally 
in the folloiving places. 

Whites in Jamaica, 

Vienna, . • * • 

London, . . - • • 

Eciinburgli, . • • ' ’ 

Leeds, • * 

Dublin, . .... 

Borne, »• " un • 

Amfterdam, A . 

Breflaw, ^ . . . • 

Berlin, . 

Northampton, . . . « 

Shrewlbury, . . . » 

Liverpool, .. i . . • 

MancheBer,, . .... 


1 m 5 
I in i9|- 
I ill 2 0 
I in 2 0 
I in 21 
I in 2 2 
I in 23 

3Li 

I in 25 
1 in 26- 
I in 26- 
I in 26' 
I in 27’- 
I in 28 


Country parities. 

Pais de vaud, . / . « 3:1043 

Country pariflies in Erandenburgh, . 11045 

Others in Brandenburgh, . - 11050 

A country parilh in Hampfhire for 90 years, i in 50 
Illand of Madeira, , . , . . i in 5 o 

-Stpke Damerel in Devonfhire, for one year, 1 in 54 


4/5 1 w 
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IX. jdn Account of fame EkBrical Experiments^ by Mr. 

William Swift, in a Letter to John Glen King, D. B, 

F. R. S, 

REV. SIR, Gietnwicli, 

^ Jan, 1778* 

Read Jan. 29. x BEG Icavc to lay befoter you an account of 
an eledtrical apparatus, which I have con- 
trived, to fhew the different ejEFeas of points and balls at 
the upper terminations of conduaors, to fecure houfes 
and magazines of powder from damage by lightning. I 
have reprefented the clouds, which are lidded to my ma- 
chine, by interpofing three feet of water infulated, in- 
ftead of continuing the metal from the prime conductor; 
this I apprehend to be analogous to the natural clouds, 
though it is not in the leaffc neceffary fot the experiments 
d am firft going to mention, the refnlts of which are not 
affected by one method more than the other. 

The clouds being charged Hide on a frame with a 
graduated edge; and, as they pafs the length of the 
frame, they make five revolutions round their owh axis ; 
ffor they are reprefented by -a feml'^*^#, of 

which is eighteen inches^ eonfEquently the exmht of it 



^ Mr. si'^iFT’s Account of 

is nearly four feet and a half, and is 
formed with materials well covered with 
metal. I place three houfes, ftanding in 
the ftate of nature (not connected with, 
the cuhrion) at a certain diftaiice from 
the frame, and equally diilant from each 
other, as may he feen in the fketch a, 
B, c, each houfe has a conduaor, and is 
Gonnefted with magazines of powder, a-^ - 
cy the reafon for making the clouds a 
£emi- circle is, that when turned back 
they inay be charged from the machine, 
without affeifting, or being affeaed by, 
the points or balls on the, tops of the 



houfes A, B, and c ; and, by means' of their motion round' 
their own axes, I can increafe or diminifli at pleafure the 
velocity, which is afcertained by the graduated edge of 


the frame, I: fix an electrometer on one of the con- 
ductors bf. the machine, and put points for the upper- 
terminations of tlie conductors of the houfes. 

liaving thus prepared the machine, the femi-circular 
cloud being turned back, that is, within ; the machine is- 
charged till the index of. the eleCfrometer rifes upwards 
of 90°; the cloud being then piit in motion, as it Aides' 
along the frame, revolves over the houfe a, with its 
length of 4~ feet : in its paffage it empties itfelf, the elec«*^ 
3 ; ■ .trometer 
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trometer falling to o, but not the leaft explollon is per- 
ceived. The cloud then turning back in its progreffive 
motion in the frame, is charged again -while it palTes on 
to B; at which point, by means of its motion round its 
a-xis, it revolves over the condudlor b ; it empties itfelf, 
the elecflrometer falls, and no explofion is perceived: the 
fame thing happens in the paffage over the houfe c. 

The machine remaining 4 n the pofition as before, I 
place balls of a quarter of an inch diameter, at the ujjper 
terminations of the conductors of the houfes a, b, c, and 
with thefe balls, the experiments proceed almoft as be- 
fore; that is, the matter pafles off with a little biffing 
noife, and now and then it gives a flight explollon, the 
fmallnefs of thefe balls differing little from points ; but 
when I place balls of three-quarters of an inch diameter 
inflead of the fmall ones, the cloud, every time it pafles 
over' them, makes one or more explofions, and fires the 
magazines c; and, notwithflandiiig that, the index 
of the electrometer does not defcend above ao°, and 
ffarts up again as fuddenly as it fell. 

If balls are fafer at-the upper ends of conduCtoirs than 
points, it fliould follow, that the larger the balls the 
greater ; the fecurity; but from all thefe experipents I 
never found, a fhqck with a point, and not alwa5^8 with a 


very fmaljl ball; but 


■'■the^-eleCllical matters paffes 
" X a ' ' , ,,f^ntly 
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filently with the points, andfo entirely, that the electro- 
meter falls to f,. With balls a quarter of an inch dia- 
meter, indeed, it palTes off with a little hilling noife, but 
this feldom amounts to a Ihock: but with balls three- 
quarters of an inch diameter an explofion conftantly hap- 
pens, and the magazines are fired. 

To put this matter Ml more out of doubt, I place a, 
ball of iiine inches diameter, on one of the conductors, and 
the explofion is very violent, always more certain; and 
yet the machine does not difeharge itfelf, for the eleCtro-- 
meter falls not more than 

The next: experiment I make with the water conduc- 
tor is^ placing the . houfes ■ Aj b, ,,c, in, a negative ftate, by 
Gonpeihing them with the cnfhion of the machine, or 
with the. outfide of a battery r- when the cloud is charged . 
and pafjes over the hoii.fes, with points at the upper end 
0^ their conductors,. there is no explofion;, the points 
f^rn,to4#£aW'Off all the eleClrical, matter during the paf* 
fage of th^,clbh% oh feet and a half long; but 
when, in this.|) 5 Elht%h;Mithe^ balls of.three-quar-" 

ters of' an.:inchi&Ih^tlh^^e^;T^^ inftead ■ of points, , 
there is a fmallhxpl®fion,,,an|| rejiduum of 

the matteris-leftin.'the hattefy,:;.;: J-iheh^ehtoge-thern- • 
fulated water I for . wire to op the 

paflage of the clouds ovei' .the lioufes is a confi- 
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derable explofion, whether points or bails are the upper 
terminations of the condu6tors of the houfes; but no 
refiduum is left in the battery. 

Hence appears the dilference of effed, whether the 
houfes ftand in a ftate of nature, or in a negative ftate; 
and whether the condudors be made complete with 
wire, or water infulated. 

I have by lixteen years pradice been convinced how 
difficult it is to draw general conclufions from any elec- 
trical experiments, and therefore it becomes me to pro- 
pofe my conjedures with the greateft diffidence ; but, 
ajrprehend, the refult of many experiments ffiew that 
points at the upper termination of CGhdudbrs gradually 
diminilh or draw off the eledricar matter, fo as to pre- 
vent any damage to the buildings on which they are 
placed, by preventing a violent explofion; and that, on . 
the contrary, balls, though perhaps they will repel the 
eledrical matter in fome degree, yet from that very cir- 
cumftance, probably, the explofion, when it happens, i& v 
violent, and dtended with danger, 

I am, 
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rro EDWARD KING, ESI^. 

Bcilford-row, 

DEAR SIR, December ic, i777<» 

'.Read Jan. 29, HE attention which has been paid by 

1778. B 

the. learned world to the accounts 
lately publiflied of the iflands of the South-fea, has led 
me to think, that the inclofed account of the ifland of 
Sumatra, particularly of fome of its interior parts, toge- 
ther with that of the neighbouring ifland of Enganho, 
might not be wholly unacceptable. 

It is compiled from feveral letters of Mr. Charles 
miller, (fop. of the late botanic gardener) now in the 
fervice df the Eaft India Company at Sumatra; and, as 
they were addrefled to different friends, without the moft 
diftant idea of their contents feeing commi be- 

yond that circle, allowance muft be made for inaccura- 
cies of ftile and want of copnedlion; fori was unwilling 
to attempt to fnpply any thing that f<jemfd wanting, 

'>dging 
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judging that authentic information is more valuable than 
the beft wrought tale. 

If you think this paper contains any thing likely to 
afford either information or amufement to the Royal 
Society, you will do me the honour to prefent it. 

I. am, &c. 

JOHN FRERE. 


ExtraSis from f ever al letters from Mr. Charles miller 
(fon of the' late botanic- gardener ) nm fettled at Fort 
Mdbro’ near Bencoolen ; giving fome account of that 
placBi of the' interior parts of Sumatra, and of a neigh- 
bouring ijland never known to have been vijited by any 
European. 

FORT MALBRO’ is lituated about a mile and a 
half to the South of the Malay town [Bencoolen] where 
the company- formerly had their fadlory ; but removed, 
from thence about the year 1710, on account of the 
unhealthinefs of the place, ' r 

The fort, from which the fettlement taJtes its name, , 
Rill remains in the fame Rate in w;hiplr the French left it 
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ill 17615 wlieiij after taking th.e placej they thonglit it 
not worth keeping, and accordingly blew up the baftions, 

and deferted the fettlement. 

The houfes here are, almoft all, built, cicled, roofed^ 
and floored, with a kind of reed called bamboo, and 
thatched with the leaves of the fage-tiee, and would all 
be called cottages in England, making a very mean ap- 
pearance. They are placed in no kind of order; moft of 
them are raifed from the ground on wood or brick pil- 
lars fix or eight feet high; within they are not much 
unlike a fet of rooms in a college, as they confift of one 
large room called a hall, out of which two doors lead, 
the one. to abed-room, aiid the other to an office or ftudy, 
The climates is far from being, fo difagreeably hot as it 
is; to hey or as one might expefl: from our 

yicipiity to the line 5 the thermometer (of which I have 
kept a journal for a year paft) is never lower in a morn- 
ing at , fix than 69®, or higher than 76°. At noon it 
varies; from* 7*9? to^ SSf 'j .and an eight ». Ki. from 7 to 
7,8° or 8 0?. I hive once onl^ fben it at 90°^ and in the 
Batta country, . immediately under the line, I have feen 
it frequently at, fix a. m*. as low as 6,1°. We have always- 
a fea-breeze, which fets in at about nine o’clock, and 
continues to Sun-fet, and is* generally pretty frelh : this 
tempers the heat fo much, that f have never been incom- 
moded 
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moded by it (even in the midft of the day) fo much as I 
have frequently been on a fummer’s day in England. 
Rain is very frequent here ; fometimes very heavy, and 
almofl; always attended with thunder and lightning. 
Earthquakes are not uncommon; we have had one in 
particular, lince my arrival, which was very violent, and 
did much damage in the country. There are feveral vol- 
canos on the ifland ; one within light of Malbro’, which 
almoft conftantly emits fmoke, and, at the time of the 
earthquake, emitted fire. 

The Englidi fettled here (exclulive of the military) 
are between feventy and eighty, of which about fifty are 
at Malbro’. They live full as freely as in England, and 
yet w^e have loft but one gentleman during the laft fix 
months ; a proof that this climate is not very unhealthy. 

The people who inhabit the coaft are Malays, who 
came hither from the peninfula of Malacca: but the 
interior parts are inhabited by a very different peo- 
ple; and who have hitherto had no connexion with the 
Europeans. Their language and charadfer differ much 
from thofe of the Malays, the latter ufing the Arabic 
character; but all the interior nations which I hiive 
vifited, though they differ from one another in Ian-- 
•guage, ufe'fhefame'Chaia<S:er* ; 
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The people between the diftri^ts of the Engiifh comi- 
pany, and thofe of the Dutch at Palimban on the other 
iide the illand, write on long narrow flips ©f the bark of 
a tree, with a piece of banaboo-; they begin at the bottom, 
aiid write from the left-hand to the right, which I think 
is contrary to the cuftom of all other Eaftern nations. 

This country is very hilly, and the accefs to it exceedr 
ingly difficult, there being no poffibility. of a horfe going- 
over the hills.. I was obliged to walk the whole way, and 
in many places bare-foot, on account of the fteepnefs of 
the precipices. The inhabitants are a free people, and 
live in fmaU. villages called Doofans, independant of each 
other, and governed each by its own chief [Doopattee]. 
All of .them have laws-,, fome written onesi by which 
they punifh offenders, and terminate, difputes. They 
have almoft all of them, particularly the women, large 
fwellings in the throat,. fome nearly as big as a man’s 
head, but in general as bigs as an oftrich’s ,egg, like the 
goitres of the Alps> It is-^bT them faid to be owing to 
their drinking a cold white water; I fancy it muft: be 
fome mineral water, they mean. N-ear their country, is a 
volcano; it is very mountainous, and abounds with ful- 
phur,.and I dare fay with metals- too,, though no mines 
are worked .here. If this diflemper be produced here by 
41118 caufe, perhaps in the. Alpine countries it may take 

' ' , ' its 
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its origin from a limilar one, and not, as has been ima- 
gined, from fnow'-water : certain it is, thefe is no fnow 
here to occalion it. In almoft all the central parts from 
Moco-moco northwards, they find gold and fome iron ; 
bnt this diftemper is unknown there. I have met here 
with a rivulet of a ftrong fulphurated water, which was 
fo hot a quarter of a mile below its fource, that I could 
not walk acrofs it. 

The country called the Caffia country lies in latitude 
1° N. inland of our fettlement of Tappanooly : it is well 
inhabited by a people called Battas, vfho differ from all 
the other inhabitants of Sumatra in language, manners, 
and cuftoms. They have no religious worfhip, but have 
fome confufed idea of three fuperior beings ; two of which 
are of a benign nature; and the third an evil genius, 
whom they ftile Murgifo, and to whom they ufe fome 
kind of incantation to preventhiscloing them hurt. They 
feem to think their anceftors are -a kind of fuy)erior 
beings, attendant always upon them. They have no 
king, but live in villages [Compongs] abfolutely incle- 
pendant of each other, and perpetually at war with one 
another: their villages they fortify very ftrongly with 
double fences of camphire plank pointed, and placed 
witii their points projecffihg outwards, and between thefp 
fences they put *piece8 of bambdbi hardened by fire, and 

■ Y,,a ■ ■■ , 
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likcwife pointed, which, are concealed by the grafs, but 
will run quite through a man’s foot. Without thefe 
fences they plant a prickly fpecies of bamboo, which 
foon forms an impenetrable hedge. They never hir 
out of thefe Gompongs unarmed ; their arms are match- 
lock guns, which, as well as the powder, are made in the 
country, and fpears with long iron heads. They do not 
fight in an open manner, but way-lay and llioot or take 
prifoner fingie people in the woods or paddy-fields. 
Thefe prifoners, if they happen to be the people who 
have given the offence, they put to death and eat, and 
their Ikulls they hang up as trophies in the houfes wdiere 
the unmarried men and boys eat and fleep. They allow 
of polygamy : a man may purchafe as many wives as he 
pleafes; but their number feldom exceeds eight. They 
have no marriage ceremony; but, when the purchafe is; 
agreed on by the father, the man kills a buffalo or a 
horfe, invites as many people as he can; and he and the 
;woman fit and eat together before the whole company, 
and are afterwards confidered as man and wife. If after- 
wards the man chufes to part with his wife, he fends her 
back to her relations with all her trinkets, but they keep 
the purchafe-money; if the wife diflifces her hufband, 
her relations muft repay double the purchafe-money. 

A man deteaed in adultery is punifhedwith death, 
and the body eaten by the offended party and his friends : 

the 
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the woman becomes the flave of her hufband, and is 
rendered infamous by cutting off her hair. Public theft 
is alfo punifhed with death, and the body eaten. All 
their wives live in the fame houfe with the hufband, and 
the houfes have no partition; but each wife has her 
feparate fire-place. 

Girls and unmarried women wear fix or eight large 
rings of thick brafs wire about their neck, and great 
numbers of tin rings in their ears; but all thefe orna- 
ments are laid afide when they marry. 

They often preferve the dead bodies of their Radjas 
(by which name they call every freeman that has pro- 
perty, of which there are fometimes one, fometimes 
more, in one Compoiig, and the reft are vaffals) for three 
months and upwards before they bury them ; this they 
continue to do by putting the body into a coffin well 
caulked with dammar (a kind of rezin) : they place the 
coffin in the upper part of the houfe, and having made a 
hole at the bottom, fit thereto a piece of bamboo, which 
reaches quite through the houfe, and three or four feet 
into the ground: this ferves to convey all jjutrid moif* 
ture from the corpfe without occafioning any finqll. 
They feem to have great ceremonies at thefe funerals; 
but they would not allow me to fee them. I faysr feveral 
figures dreffed up l^e men, and heard a kind of fingihg 
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and dancing all night before the body was interred : they 
allb fired a great many guns. At thefe funerals they kill 
a great many buffaloes; every Ra<lja, for a confidcrable 
diftance, brings a buffalo and kills it at the grave ot the 
deceafed, fometimes even a year after his internient ; we 
aflifted at the ceremony of killing the 1 0 6th buffitlo at a 


radja’s grave. 

The Battas have abundance of black cattle, buffaloes, 
and horfes, all which they eat. They alfo have great 
quantities of fmall black dogs, with ered pointed cars, 
which they fatten and eat. Rats and all forts ot wild 
animals, whether killed by them or found dead, they eat 
indifferently. Man’s flefli may rather he faid to be eaten 
in tenoremyth^n to be their common food; yet they 
prefer it to all others, and fpeak with peculiar raptuies of 
the foies of the feet and palms of the hands. They ex- 
preffed much furprize on being informed that white 
people did not kill, much lefs eat, their prifoners. 

Thefe people, though cannibals, received me with 

great hofpitality and civility; and though it was thought 
very dangerous for any European to venture among 
them, as they are a warlfe people, and extremely jea- 
lous of ftrangers; yet I took only fix Malays as a guard, 
but was efcorted from place to place by thirty, forty, and 

fometimes 
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fometimes one hundred of the natives; armed with 
match-lock guns and matches burning. 

It is from this country that raoft of the callia fent to 
Europe is procured; and. I went there in hopes of finding 
the cinnamon, but without fuccefs. The caflia tree 
grows to. fifty or fixty feet, with a ftem.of about two feet 
diameter, with a beautiful regular fpreading head; its 
fl.owers or fruit I: could not then fee, and the country peo- 
ple have a notion that it produces neither. 

Camphire and Benjamin trees are in this country in 
great abundance ; the former grows to the fize of our 
largefi: oaks,, and is the common timber in ufe: I have 
feen trees near one hundred feet high. Its leaves are acu- 
minated and very different from the camphire tree feen 
in the botanic gardens, which is the tree from which the 
Japanefe procure their camphire by a chemical procefs ; 
whereas in thefe trees the camphire is found native in a 
concrete, form. Native camphire fells here at upwards of 
200^. per Cwt. to carry to China; what the Chincfe do 
to it, I cannot fay but, though they purchafe it at 2 5 0,^. 
or 3oO;C. ,they fell.it again for Europe at about a quarter 
of the money. I, have never been able to fee the flowef 
of the. camphire tree ; fbme abortive fritit I have fre- 
quently found under the trees,^ they are in a cup, like an 
'' ■ .'7 ' ' , ,.vv, ; iicornjv!' 



1 7 0 Mr, miller’s Account of 

acorn, but the lacmm calycis are four or five times longer 

than the feed- 

I have taken other journies into different parts of the 
interior country, never before vifited by any Europeans. 
Thefe journies were performed on foot, through fudi 
roads, fwamps, Sec. as were to appearance almoft impaf- 
fable. I have been hitherto fo fortunate as to meet with 
no obftru6tion from the natives; but, on the contrary, 
have been hofpitably received every where. Almoft all 
the country has been covered with thick woods of trees 
moftly new and undefcribed, and is not one-hundredth 
part inhabited. 

It is amazing how poor the Fauna of this country is, 
particularly in the mammalia and aves. We have abun- 
dance of the Jimia gibbon of buff on: they are quite 
black, about three feet high, and their arms reach to the 
ground when they ftand ere6t; they walk on their hind 
legs ohlyy but I believe very rarely come down to the 
ground. I have feen hundt'eds of them together on the 
tops of high trees. We have feveral other fpecies of the 
Jimia alfo; but one feldbm fees them but at a great 
diftance. *t\iQ berang oatm^ Qt wild-man (for that h the 
meaning of the words) I have heard much talk of, but 
never feen; nor can I find any of the natives here that 
have feen it. The tiger is to be heard of in almoft every 

' ■■ ' 
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part of this illand : I have never feen one yet, though I 
have frequently heard them when I have flept in the 
woods, and often feen the marks of their feet. They 
annually deifroy near one hundred people in the coun- 
try where the pepper is planted ; yet the people are fo 
infatuated that they feldom kill them, having a notion 
that they are animated by the fouls of their anceftors. 

Of tiger-cats we have two or three forts ; elephants, 
rhinoceros, elks, one or two other kind of deer, buf- 
faloes, two or three forts of muftelge, porcupines, and 
the fmall hog-deer, almoft compleat the catalogue of 
our mammalia. . 

Birds I have feen very few indeed, and very few Ipe- 
cies of infeils. Ants, of twenty or thirty kinds, abound 
here fo much as to make it almoft impoftible to preferve 
birds or infe<£ts. J have frequently attempted it, but in 
vain. ’ 

I have met with one inftance, and one only, of a ftra- 
tum of foffil fhells. I had fome notion that it was an 


obfervation (of condamine’s I think) that no fuch thing 
was to be found between the tropics. 

’ Ml'-' . ^ 'I / ' . . ■ » ' ' ' I- , • , ■ ,1 ,«V f I. - , " 

The ifland of Enganho, though fttuated onl|; jisout 
ninety miles to the Southward of ]^a;lbro’, was.fb little 
known, on account of terrible rocks and breakers 

which 

VoL. LXVra. ■ .:K _ >. 



17 2 Mr\ Account of 

\v iiether it was iiiliabited : to this ifland I have made a 


voyage. With great difSciilty and danger we beat up 
tiie wbcde Sorah-wefl; fide- of it, without finding any 
pl'.ice where we coiiid attempt to land; and wc lofi; two 
anchors, and had very near fiiftered fliipwrcck before we 
found a fee are place into which we might run tlic vefi'el. 
A.t laft, fiowcver, v;e diicovered a fpacioiis harbour at the 
tvouth-caftend of the iiland, and I immediately went into 
it in the boat, and ordered the vefTel to follow me as foon 


as pouibic, for it -^vas then a dead calm. Wc ro^ved di- 
rectly into tllis bay ; and as foon as we had got round the 
paints of an iiland which lay off the harbour, we dif- 
covered all the beach covered with naked favages, W'ho. 
were ail armed vith lances and 'clubs'; and twelve canoes 


full of thern, t?ho, till we had pa-ffed them, had lain con- 
cealed, immediately ruihedout upon me, making a horrid ’ 
noife : this, you may fuppofe, alarmed us greatly ; and as 
1 had only one European and four black foklicrs, hefides 
the four I'afcars that rowed the b'dat,Ithoughtit belt to re- 
turn, if podible, under the guns of the veffel, before I ' 
ventured to fpea]^ with them. lii ciafe we were attacked, I 
ordered the feapoys to referve their fire till they could be 
fure their balls would take effect; and then to take ad- 
vantage of the confufion our firing would throw the 
favages into, and attack them, if poffible,' with their 
; ' 2, ' ■ ^ ‘V'",.' bayonets.; 



T’? 


the Ifmnd of Sumixtru. 


bayonets. The canoes, however, after /piiriued 

■for a mile, or a mile and a half, iiichiiy flopped a little to 
confult together, which gave ns an oppoi iiinity to efcape 


them, as they did not care to pnrftie us out to fea. Tlie 
fame afternoon the velTel came to an anchor in the bay, 
. and we were prefently vilited by fifty or fixty canoes 
full of people. They paddled round the veffel, and 
called to us in a language which nobody on board urider- 
ftood, though I had people with me who underll-oocl tlie 
languages fpoken on all the other illands. They fceniecl 
to look at every thing about the vcfiel very attentively; 
but more from the motive of pilfering than from cu- 
riolity, for they watched an Opportunity and unfliipped 
the rudder of the boat, and paddled away with it. I fired 
a mufquet over their heads, the noifeof which frightened 
them fo, that all* of them immediately leaped into tire 
Tea, but foon recovered themfelves and paddled off. 

They are a tall, well-made people; the men in ge- 
neral about five feet eight or ten inches high; the •wo- 
men llrorter 'and mbre cl'Umfiiy Built. They are of a 


red colour, and have ftraight, Mack hair, which the i^n 
cutyfiiortj buf the^^W grow long, and folJLili) in a 


^circle oh the top of their heads very neatly.;,!' '^lie men 
■go entirely haked, and the wotnm wear nothing more 
than a very narrow flip of plantaih . ,Thc 
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always go armed with fix. or eight lances, made of the 
wood of the cabbage-tree, , which is extremely hard; they 
are about fix feet long, and topped with the large bones 
of fifh fharpened and barbed, or with a piece of bamboo 
hardened in the fire, very fharp-pointed, and its concave 
part armed with the jaw bones and teeth of , fifli, fo that 
it would be almoft impoflible to extradt them from a 
wound. They have no iron or other metal that Leonid 
fee, yet they build very neat canoes ; they are formed of 
two thin boards fewed together, and the foam filled with 
a refinous fubftance. They are about ten feet long, and 
about a foot broad, and have an outrigger on each fide, 
to prevent their overrfetting. They fplit trees into boards 
with flone wedges* 

Their houfes are circular, fupported on ten or twelve 
iron-wood flicks about fix feet long : they are . neatly 
floored with idank, and the roof rifes immediately from 
the floor m a conical form, fo as to refemble a flraw bee- 
hive; their'ti|arafeter is not above eight feet. 

Thefe pedplef haye no rice, fowls, or cattle, of any 
kind : they feehiAo liyie ppop, cocoa-nuts^ fweet potatoes, 
and fugar-canes, ,and dry^them in. the 

fmoke; thefe fifti they "Wfilh their lances, or 

catch in a drawing net, of whitJh they very neat 
ones, ■ : 

' ' . H'y.iby,:' '■..''They' 
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They do not chew betel, a cuftom which prevails uni- 
verfally among the Eaftern nations. 

I went on llior.e the clay after the veliel anchored ill 
the bay, hoping to be able to fee fomething of the coun- 
try, and to meet with fome of the chiefs. I faw a few 
houfes near the beach, and went towards them ; but the 
natives flocked down to the beach, to the number of. 
flxty or feventy men,' well: armed with their lances, See. . 
and put themfelves in our way ; yet, when we approached . 
them, they retreated flowly, making fome few threaten- 
ing geftiir.es. . I then ordered my companions to halt and- ; 
to be well bn their guard, and went alone towards them : ; 
they permitted , me to come araongft them, and I gave 
them fome knives^ pieces of cloth, and looking-glafles, , 
with all. which they feemed well pleafed, and allowed me 
to take from .them their lances, &c. and give them to 
my fervant,! whom I called to take them. Finding them 
to behave civilly, I made flgns that I wanted to go to their 
houfes and eat with them; they immediately fent people 
who brought me coGoa-rnutSi but did not feem to approve 


of my going to their floufes : however, I determined to 
venture thither, and feein^^ path leading towards t^m, , 
I went forw^d attended T&j about twenty of them, who. 


as= foon as we had got behind, fome trees, wMch pre- ~ 
vented my people fe^^jas, to la^ wolent hands .. 

6 ':. ' 
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oTi'iny clonthsj and endeavour to pull them ot¥; but leav- 
ing; a Iraall hanger, I drew it, anti, making a llroke at 
-tiic moft ofFicious of them, retreated as fall as poili- 
hie to tlie beach: Soon after we heard the foiiud of 
a coiich-ihcii; upon which all the iieoplc retired, witlt all 
pofiible expedition, to a party of about two hundred, who 
were affembled at about a mile diifancc. It was now 
near Sun-fet, and we were near a mile from onr boat; 
and, as I was apprehenfive we migdit be way-laid in our 
return if we If aid longer, I ordered my people to return 
with all poJQlble fpeed; hut fiiif went to the lioufes the 
matives had abandoned, and found them if ripped of 
.every thing; fo that I fuppofc this party liad been 
amufing US while others had been employed in remov- 
ing their wives, children, &c. into the woods. I intciulcd 
to have attemx>ted another day to have penetrated into 
the country, and had prepared my people for it; !)ut the 
.incohfiderate refentraent of an officer, who wtis lent u ith 
me, rendered my fcliemc abortive. He had licen in the 
boat to fome 0f : the iiatives who had waded out on a reef 
of rocks and cailed fome cocoa- 

nuts, for wMch-fie;'|^;j^«|;piece& of cloth': .one of 
them feeing his hanger' 'lyin|f fiefide him in the boat, 
fnatched it and ran away ; updn which he fired upon 
them, and purfued them to fofiie of^ their houfes, which, 

■ ... , . 'p'' f, fiiiding 
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liiidiag empty, he burnt. This fet the whole country in- 
alarm ; conch-iliells were .founded all over the bay^, and- 
in the morning we faw great multitudes of people aflcm- 
bled in difierent places, making ufe of threatening 
geftures ; ’fo that finding it wmuld be unfafe to venture' 
among them again, as, for w^ant of underftanding their 
language, v/e could not come to any explanation until 
them, I ordered the anclior to lie weighed, and failed out 
of the bay, bringing away tv/o of the natives with me. 

In our return home my defire of feeing fome yet iiii- 
explored parts of the ifl.and of Sumatra, occafioned mc' 
to order the veffel to put me on ihorc at a place called 
Flat Point, on the Southern extremity of the ifland, froni- 
wdience 1 \v^tlked to Fort Malbro’. In this journey I 
underwent great hardlhips, being fometimes obliged to- 
walk on the fandy beach, exjaofed to the Sun, ffom fix in 
the morning till fix at night, without any refrelliment ; 
fometimes precipices to afeend or defeend, fo fteep that 
we could only draw ourfelves up, or let ourfelves down,\ 
by a rattan; at othef furies rapid rivers to crofs, and then 
to walk the i'emaining part of the day in ivet cloatKs. 
The confeqiience of thefe hardlhips has been a vibl&t 
fever ; but, much as I theti fegretted having qilittOd the * 
Ihip, I had, when I came to Malbro’, ttiore realbn to » 
rejoice; fbr I then foiindf her, vdyag^... 
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home, was loft, and every four on board periflicd. This 
has, however, been a fevere ftroke upon me; for as I 
was obliged to leave all my baggage on board, it being 
impradticable to carry it over land, 1 loft all my cloatiis, 
books, fpedmens, manuferipts, notes, arras,' Uc. from 
Enganho; in lliort, .almoft every thing which I had either 
brought with me, or colleaed during my refidcnce in 
this ifland. 

- 1 forgot to mention, that when I was at Tappanooly I 
Taw what I find in purchas’s Pilgrim called tbe wonder’- 
ful plant of Sombrero: his account, however, is fomewhat 
exaggerated, when he fays it bears leaves and grows to 
be a great tree. The name by which it is known to the 
Malays \s> halan-lout^ ^ 2 iX. fea-grafs. It is found 
fandy bays, in fhallow water, where it appears lik 
Tender ftrait ftick, but, when you attempt to touch 
immediately withdraws itfelf into the fand. I coiilci 
never obferve any tentacula: a broken piece, near a foot 
long, Whicili, after many unfuccefsfu^ attempts, I drew 
out, was pefl^y ^ and unifpj^, and refembled a 
worm drawn bvfr a kn^ when dry it is a 

coral. ■ f . h . 

The fea cocoa-nut, been erroneoufly 

confidered as a marine proiu^ion, and been fo extremely 
fcarce and valuable, is now difedvered to be tlfe fruit of 
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a palm, with flabelliform leaves, which grows abundantly- 
on the fmall iflands to the Eaftward of Madagafcar, 
called in our charts Mahi, See. and by the French Les 
IJles de Sechelles. To thefe illands tlie French have fen 
a large colony, and planted them with clove and nutmeg- 
trees, as they have likewife the illands of Bourbon and 
Mauritius. 
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XII . A Meteorological Diary ^ Sec. kept at Fort St. George 
■ m the Baft Indies. By Mr. William Roxburgh, Affif- 
tant-furgeon to the Hofpital at the /aid Fort. Com?nu- 
nicated by Sir John Pringle, Bart. P. R. S. 


Head Jan, 29, manner in which I keep my me- 

^777- X teorological obfervations is as follows; 
A thermometer without doors ; a barometer and ther- 
mometer within doors : the barometer and thermometer 
within doors are kej>t clofe together, for the fake of cor- 
redling the barometer if required. I obferve them three 
times a day, as per diary. I alfo fet down the diredion 
and ftreiigth of the wind, and the Rate of the weather. 
I diilinguifli four degrees of ftrength of the wind; 
namely, gentle, brilk, ftormy, and what we call a tufoon 
in India, which you will find marked with the numbers 
I, 3 , 3 , and 4 , befides no fenlible wind, which is marked 
with a cypher. 

I am afliamed to fay, that the rain-gage I had during 
the rainy feafon was fo indifferent, that I could not with 
any degree of certainty meafure the quantity of rain that 

fell 
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fell here. I have now got a tin cylinder, 5^ths inches in 
diameter, or i6T^ths inches in circumference, and 30 
inches deep : the quantity of rain that falls 1 intend to mea- 
fure with a fcale divided into inches and twentieths of an 
inch; the depth fhall be fet down every morning if it 
has rained. I have it placed on the roof of my houfe, 
which is about twenty-five feet high ; at a confiderable 
diftance from any other building, &c. except the hofpi- 
tal, which is diftant about one hundred yards, and of the 
fame height; no trees above twelve feet high within 
many hundred yards. 

The thermometer without doors I have placed under 
a fmall fhady tree, through which the Sun cannot pene- 
trate, at the fame time it is well expofed to air and wind. 
Every inch on the fcale of the barometer I ufe is divided 
into twenty equal parts; it is a portable one, made by 

RAMSDEN. 

The tube of the thermometer without doors is twelve 
inches long, placed upon a plain open box- wood fcale, 
made by nairne and blunt. 
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29. 18 

0 
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Some clonds. 
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80 

29. 1 7 

I 
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Ciondy, much dew on the grafs. 



2 

— 

87 

£9.16 

0 
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Many heavy cloxKb all rounds very fuJiTy. 
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— 

81 

30.00 

I 

w 

Cloudy, rained hard two hours this evenijig.' 
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Fair, mi'icli dew. 
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89 
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Fair. 
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29.17 
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Hazy, fome cloud.*. 
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Fair. 
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Hazy, fun-fliinc. 
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A few clouds, exceedingly clofe. 
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Fair. 
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29.17 
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Fair. 
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Fair. 



2 

— 

87 

29,19 

2 

NE 
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Clear, not a cloud to be fecn. 
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Clear. 
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86 
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Fair. 
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Fair. 
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2 
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Fair. 
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29.19 
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Fair. 
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— 
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Fair, a little dew. 
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Fair. 
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Clear. 
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Fair. 
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Fair. 
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30.00 

I 

NNE 

Clear, 
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Fair and pleafant, a little dew*-. 
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Fair. 
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Fail. ' 
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0 
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Fair. 
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82 
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Fair. 
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18 

74 

82 

29.19 

I 

NW 

Fair. 


If 

87 

85 

29.19 

I 

E 

Fair. 
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82 

83 

29.19 

1 

NE 

Fair. 


18 

76 

83 

2Q,I9 

I 

NW 

Fair. i 
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87 

84 

29.19 

I 

E 

Fair. 1 


I 0 | 

82 

81 

30.00 

l 

NE 

Fair. 

16 

18 

80 

83 

30.00 

0 

— 

A fewliffht clouds round the horiz. 


2 

86 

86 

30.00 

I 

ENE 

Fair. « 


10 

82 

84 

30.01 

I 

NE 

Fair, 1 

^7 

i8 

76 

83 

30.00 

0 


Fair. 


10 

82 

84 

30.00 

I 

E 

Fair. 1 

18 

18 

76 

81 

30 00 

0 


Fair, 1 


2| 

86 

87 

30.00 

I 

E 

Fair. 1 


10 

82 

84 

30.00 

0 


A few clouds. 

19 

18 

75 

81 

29.19 

I 

W 

Flazy, little or no de\?. 


I 

91 

89 

29.19 

I 

N 

Hazy, can fee tliefea- breeze at adlflance. 



83 

85 

2-9.19 
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Fair. 

0,0 

18 

76 

81 

29.19 

I 

w 

Fair. 


0 

86 

85 

29.19 

I 

SE 

A little hazy. 


10 

S3 

85 

30.00 ! 

I 

S 

Hazy, a large woolly circle round the Moon. 

01 

18 

77 

82 

! 30.00 1 

I 

w 

Clouds to tiie eaftward. 


23 

79 

P 

30.00 

2 

SE 

Very black in the SE, begins to blow hard. 


2 

8s 

84 

29.19 

X 

E 

Fair, all the threatening come to nothing.. 


10 

81 

83 

30.01 

I 

E 

Clear. 

0% 

18 

1 75 

82 

30.00 

I 

W 

A few clouds. 


0 i 

88 

87 

30.C0 

I 

E 

Black to the Eaftward, 


- 10 ^ 

80 

83 

30.01 

0 

- 

A few clouds, 

23 

lo 

75 

82 

30.00 
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F air, a fliower ia the night. 


0 

82 

84 

30.00 

I 

SE 

Fair, 


18 

76 

82 

30.00 


— 

Fair, 


3 

87 

87 

29, 1 9 

1 

E 

Fair, 


10 

81 

84 

30.00 

0 



Clouds round the horizon. 


18 

75 

82 

29.19 

0 


Some clouds. 


0 

86 

8S 

30.00. 

I 

E 

Some clouds. 


10 

74 

80 

30*00 

I 

N 

Hard rain lince and' continues.. 

26 

18 

72 

. IT 

30*00 

I 

N 

Hard rain^ fomc. light, 'and thund. 

« 

2 

79 

80 

29,; 19 

2 

: N 

Rained till now cloudy. 


II 

79 

80 



N. 

Cipudy, ' ' 
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18 

74 

78 

29.19 

I 

NW 

Clontly. 

2 

83 

^3 

29.19 

2 

N 

Cloudy, 
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77 

80 

29.18 

0 

N 

Cloudy, with feme raln^ lighteing to the S. 
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18 

74 

79 

29.18 

I 

. N 

V loudy. 


6 

86 

78 
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I 

MW 

Cloudy, has i‘ained hard and long. 


10 

7 S 

78 

29 19 

0 

— 

CUiudy^ rainy, lightning. 

29 

18 
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78 

29.17 

0 

SE 

Cloudy. 
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81 

29.18 

I 

Cloudy, frequent hard Ihowcrs, with thunder. 


9 

75 

79 

78 

29.19 

I 

SE 

Cloi dy, ditto. 
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18 

74 

29.18 

0 

E 

Cloudy, ditto. 
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82 

29.19 

2 

Fair all forenoon, now begins to blow and rain. 

Cloudy round the horizon. 


10 

79 

81 

29.19 

I 

E 
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78 

80 
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A few clouds. 
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8s 
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Fair. 


10 

79 

81 

30.00 
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Clear. 
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18 

78 

80 
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Fair. 
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8s 

83 

30.06 

2 
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A few clouds. 


10 

79 

80 
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1 

E 

Fair. 

'2 
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77 

80 

30.00 

I 

E 

Fair. 


2 

84 

84 

29.19 

2 

NE 

Fair. 
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. 81 

30.00 
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NE 

Fair. 

3 

18* 

76 

80 

29.19 
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W 

Fair. 


2 

8S 

84 

29.19 

2 
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Fair. 


10 

78 

81 

30.01 

I 

N 

Fair. 

4 

. 18 

74 

78 

30.00 

I 

N 

Cloudy. 


2 

8S 

83 

30.00 

2 

N 

Cloudy, threatens to the NE. 


10 

79 

81 

30.00 

2 

N 

.Cloudy. 

S 

: 18 

73 

80 

30 00 

3 

N 

Cloudy, begins to rain hard. 


2 

73 

76 

30.00 

I 

MW 

Hard rain. 


9 

79 


30.00 

I 

ME 

Rainy, very dark. 

6 

^ 18 

73 

78 

29.19 

I 

NW 

Cloudy. 


2 

81 

79 

29.19 

2 

N 

Cloudy. 


10 

77 

78 

29.18 

2 

N 

Cloudy. 

7 

18 

71 

76 

29.19 

I 

NW 

, Cloudy, rained hard in the night. 


2 

74 

79 

29.19 

2 

N 

Cloudy, frequent hard fliowers* 


10 

73 

77 

29.18 
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Cloudy, ditto, very dark. 

S 

18 

72 

76 

29.17 

X 

W 

Cloudy, ditto. 


■ 3 

75 

7 S 

29.16 

I 

NW 

i loudy, ditto. 


, 10 

71 

1 74 

29.17 

2 

NW 

Cloudy, very dark. 
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NFov. Q 18 71 74 29.17 I NW Cloudy^ frequent Lard {bowers, 

’ ^ 2 29.16 1 NW Cloudy, looks threatening. 

10 74 76 29.17 o ^ Cloudy, lightning. 

JO 18 72 76' 29.18 o A few clouds, a great dew on the grafa. 

2 82 70 2Q.17 I SW Cloudy, fmall rain at times. 

10 76 78 29.19 I SE Clear. 

T1 18 , 7A 80 20. 1 8 o A dark clofe niOrning. 

3 70 So 29.18 I NE Hazy. 

11 79 79 29.19 o Some clouds. 

12 i8 73 77 29.18 I SW A dole, rainy morning. 

2 77 77 29.18 o Cloudy, has rained all forenoon. 

lO 75 78 29.19 o Fair. 

,13 18 74 82 30.00 I E Cloudy, a great dew. 

^ j 80 30.00 I SE A plealant fea breeze. 

10 78 79 30.00 o Fair. 

14 18 75 79 30.01 o A little hazy, and black to theNE. 

^ 22 76 79 3002 2 NE Juft beginning to rain hard. 

2^ 79 80 30.00 o Fair, rained only about 30'. 

11 78 80 30 01 I NE hair. 

15 18 77 79 30.00 o Fair, a great dew. 

2 82 81 30.00 I NE ^''air. | 

10 79 81 30.01 I NE Fair. 

16 18 76 80 3001 I NW Many heavy clouds at a diftance. 

3 84 82 30.00 I -NE Fair. 

11 79 82 30.02 I NE Some clouds. 

1-7 18 80 30.01 1 NW Cloudy. 

2j 83 84 30 00 I N Fair. 

II 78 81 30.01 I N Fair. 

18 18 77 80 30.00 I N Fair, much dew. 

3 82 84 3001 I KE Fair. 

II 77 81 30.02 I N Fair. 

19 i^ 70 ,79 3001 I NW Fair. 

2 82 82 30.00 I .N Fair. 

II 85 80 30.01 I N Clear. 

20i7i 74 76 30 - 0 I I N Cloudy. 

2 82 82 30.01 1 N Hazy. 

10 79 81 30.02 I ' NW Some clouds. 

21 18 74 80 30.01 I NW Some clouds., 

2 80 80 3001 2 1 N Some clouds. 
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9 
18 

2 

12 

*i 

10 
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10 
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82 

87 
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82 

72 
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80 

80 

77 

81 

80 

78 

81 

80 

78 

81 

80 

77 

82 

81 
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80 
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80 
70 
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P 

82 

80 
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82 
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30.01 
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30.02 

30.01 

30 02 

30.02 
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30.01 
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30.02 

30.00 
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20.01 
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30.01 
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30.01 

30.01 

30.00 

30.01 

30.01 

30.01 

30.01 
.'30.0c 

30.00 
30.03 
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30.03 

30.0 1 
30,0s 

2 

2 
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I 
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I 

I 
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I 

I 
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NW 
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N 
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N 
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N 
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N 
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NW 

N 

N 

NW 

NE 

N 

NW 
NNE 
N 
. 'N 
NE 
N 

NW 

NE 

N 

N 
. N 
W 
N 
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Cloudy, darkj and threatening. 
Cloudy, ftill gloomy. 

Hazy, with foinc clouds. 

Cloudy, little or no dew for foroe mom. paft. 

Cloudy. 

f Cloudy, at | paft 8, two flight 

1 fliocks of an carthq^uake« 
Cloudy, 

Cloudy. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair, a great dew. i 

Fair. 1 

A little hazy. i 

A few clouds and great^dew^ ! 

Fair. 

Some clouds. 

■ Fair. , 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Cleat* 

Fait. 

Fair. 

Fair. 

Fair. 

Fair. 

Some clouds. 

Some clouds. 

Some clouds. 

Some clouds. 

.Fair. , , 

Fair.' I 
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Dec. 2 3 17 


25 19 

1 

26 19 

ai ' 
1 1 

27 18 

2 

9 

28 18 

2 

II 

29 18 


30 18 


1777, 
Jan. I 


66 75 ; 

79 82 ; 

75 80 

68 77 

80 79 

74 80 

68 77 

81 81 

69 78 

80 80 

75 79 

66 70 

80 80 

76 79 

69 77 

80 81 

75 79 

69 78 

79 81 

75 78 

75 77 

79 79 

72 79 

75 78 

79 79 

72 79 

76 78 

t 80 80 

i •— 77 

i — - 76 

• 80 82 

> 76 

^ 74 75 

82 80 

» 73 75 

82 1 81 


30.01 ] 

30.02 ] 

30.02 ] 

30.01 : 

30.01 c 
30.00 J 
30.02' 
30.00 

30.00 

30.01 
30.01 

30.01 

: 30.02 

30.02 

30.02 

30.03 
30.02 

30.02 

30-°3 

30.03 

30.02 
30'.02 

30.02 

30.02 
30-03 

30.03 

30.03 

39-03 

30.04 
30.03 
30.03 
3°-°3 

30.03 


I N Fair. 

I NE Fair. 

1 TSIN.E Fair. 

I NW Fair, a little dew, 

I NE Fair. 

I N F air. 

I NNW Fair. 

1 NE Fair. 

0 Fair, much dew. 

2 N • A few clouds. 

1 N Fair. 

I NNW Fair. 

I N Fair. 

I NNE Cloudy. 

I NW Fair. 

I ENE Fair. ■ 

I NE Fair. 

I NW . Fair. 

1 NE Fair. 

1 ENE Fair. 

1 N Cloudy. 

2 NNE Fair. 

2 N Cloudy. . 

1 NNE Cloudy, r^ned hard in the night.! 

2 NNE Fair. 

2 1 N‘ , A few clouds. 


NE A few clouds. 

NE Fair. 

N : Fair, found my out therm, broke. 

NE Fair.- 
N Fair.' 

NE Fair. .. 

"NNE Fair.;' ^ 

,N ' , Fair.' ’ 

N Cloudy, at 10 barometer at 30;,V. 
. N" Fair. 

NNE' Fair. 
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li sJ v'S Barom. 

iS h & H ^ 


Winds. 
Str.l Points, 


State of the weather, &c. 


JO i8 
2 
I I 

II i8 


1.3! ib 

5 

JO I 

14 j8 

3 

12 

15 18 

2 

16 I 
IP 

17 18 

7 

19 18 
0 

II 

80 j8 

3 

81 19 
10 

82 18 


~ 73 
82 80 

74 77 

70- 73 
81 80 

75 77 

70 73 

81 80 

75 77 

70 73 
80 79 
70 72 

82 79 

76 '77 

72 76 

80 80 

74 77 

70 76 

80 80 

74 77 

^ ?! 
Si 80 

75 78 

71 75 
78 77 

69 73 

81 78 

77 77 

70 73 

81 80 

70 76 

74 77 
68 73 
81 79 

1 . 74_74 


30.01 

30.02 

30.01 

30.02 
30.01 
30.01 
30.01 
30 02 
30.01 
30.01 
30.01 

30.00 

30.01 
30.00 
30.00 

30.00 

30.01 

30.00 

30.01 

30.01 

30.00 

30.02 
30.02 

30.01 

30.02 

20.03 
30.01 
30.01 
30.<x>' 
30.0b 
30.01 

3 o.bi 

30.00 
30.01' ■ 

30.01 


MNE 5 haramater, aaj 5 miiss W. 

[ iNLNiii 2 on a fifing SfDwd. 

E NNE Fair. 

E NNW Fair. 

I NE Fair. 

I N Fair, 

t NW Fair. 

I ENE Fair. 

I NW Fair. 

I NW Fair. 

I E Fair. 

0 Fair. 

1 NW Fair. 

I E Fair. 

0 Fail". 

1 SE Fair. 

I E Fair. 

I W Fair. 

I SE Fair. 

I SE Fair. 

1 S Fair. 

I E Fair. 

I SE Fair. 

I NW Fair. 

I E Fair. i 

I E Fair. 

I NE Fair. 

1 N£_^,Fair. 

2 NNr'Fair. 

I NW Fair. 

1 E Fair, 

• I -E Fair. 

I NW ■ Fair. , : 

1 , ■ -E . . Fair.'' ■ • ■ ■ 

1 NW- Fair,'-.' ’ ; 

'i' '."E Fair.""' ■ ' 

Q M ini -.. . . ' . ''Fair. i 

''■'I .'.NE ..Eairs;"''-, I .-r-. . 

"' I ■■ ■■ ‘ NEi ■ 'Eaift'.' .,V '■ F......: 
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6 . 
9 a 
1 8 
1 2 

jll 


B g 
w o 

H '"£ 


>777 

Ini . 23 


24] 

25 ] 
26: 

27 

28] 

29 

3 °| 


Feb. 


7 


18 
2 

10 

19 
2 

10 

0 
10 

19 

1 

10 

19 

3 

10 

18 

2 

10 

18 

10 

x8 

2 

10 

18 

2 

10 

18 

2 

8 

18 

I 

10 
18 
10 
18 
10 
18 
■' 2 
10 


a..s 

tr?i 1< 


70 74 

84 79 


74 

74 

84 

78 

84 

78 

76 

84 

78 

74 

82 

77 

70 

86 

74 
68 

72 

81 

75 
66 

83 

74 

70 

81 

73 
68 

81 
72 

65 

67 

82 
72 


76 

76 

81 

78 

81 

79 

78 

82 

79 
78 
81 

76 

80 



'WjAds. , 

SjUte of the w 
Fort St., ' 

g 

itr. r 

Joints. , 

50.01 

I 

NW 

Fair. 

jO.OI 

I 

N 

Fair. 

JQ.OI 

I 

N 

Fair. 

50.01 

I 

NE 

Cloudy. 

50.01 

I 

ME 

Fair. 

30.03 

2 

N 

Fair. 

30*93 

2 

NE 

Fair. 

3°-03 

2 

N 

Fair. 

30*03 

2 

NE 

Fair. 

30*03 

2 

NNE 

Fair. 

30 04 

I 

NE 

Fair. 

30-03 

2 

, N 

Cloudy. 

30.02 

2 

! N 

A few clouds. 

30-63 

2 

N 

Hazy. 

30.03 

1 

NW 

'Fair. 

30.03 

I 

NE 

Cloudy. 

I 

0 


Fair, la the country i 

^ 

I 

NW 

Fair. 



I 

NE 

Fair. 


0 



Fair* 


1 

ENE 

Fair. 


0 



Fair. 


I 

NW 

Fair* 


2 

NE, 

Fair. 


I 

N 

. Fair* 


I 

NW 

Fair. 



NE 

Some cloud*. 


^11 

^ NNE 

Fair. 


0 

- 

Fair. 


3[ 

NE 

Fair* ' 


I 

N 

Fa'ir*" 



1 

N 

Fa|r* 

• 

I 

NW' 

Fair> 


,, I 

NW 

;F4%' 



; 1 

NE 

.Fiajf* .'/. ' , 



0 


,^Fair* 



; j 

■'ne' 

;Fw» . ' V : 

— 

9 

-4-, 
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Upi at Fort St. Goorge. 


,.■03 g a 

11 S"-6 Barom. 


■ Winds. 
Str. (Points. 


State of tlie weather, &c. 



lo 73 
:o i8 67 
2 82 

10 75 
■a j8 68 
2 82 

lO 72 

12 18 65 

0 84 

9 69 

12 18 65 

1 86 

10 71 

14 18 64 

I 86 

10 70 

15 18 63 

9 71 

16 19 69 

I 83 

10 70 

17 18 67 

I 84 

11 70 I 

18 18 64 

X 83 

10 *]% 

19: I?' 67 

I 83 
10 74 

20 18 67 

10 75 


3O-OI I 
30.01 I 
30*01 1 


r air. 

Fair. 

Fair. 

Fair. 

Fair. 

■Fair., 
i Fair. 

Fair, 

Fair. 

Fair. 

Fair. 

Fair, wind came rotand by tbe S, 
Fair. 

Fair. 

Fair, wind came round by tbe S. 
Fair. 

Fair* 

Fair, 

Fair, 

Fair. 

Fair. 

Fair, 

Fair, 

Fair. 

Fair, 

Fair* 

Fair, 

Fair, 

Fair, 

, Fair. Jn town agaiiit ■■, ' , " ^ 

Fair, ■.■■■: ^ 

■ Fair. 











kept at Fort St. Georgei 


177® 

At the end 
of Oflober. 

November, 

December, 

January, 

February, 

Fevers^ — — - 

6 

S 

7 

18 

14 

Liver^ * — — 

■ 7 

9 

16 

8 

20 

Liver Cough, — 

5 

7 

6 

5 

6 

Liver Flux, 

9 

14 

18 

4 

2 

Fluxes, moftly of the belly. 

19 

i8 

28 

35 

16 

Fever and Flux, 

2 


7 

2 


Rheumatifms, — . 

29 

25 

^7 

32 

22 

Abdominal ohftru Elions, 

39 

23 

12 

5 

8 

Dropfy, — 

2 

I 

I 

I 

2 , ‘ 

Epilepiy, — 


— 

5 

2 

2 _ 

Peripneumonia vera. 

I 

— 

— 

— 

— 

Gravel, — 

4 

3 

I 

5 

6 

Cough, pedtoral complaints. 

2 

3 

4 

4 

... 

Accidents — 

I 

5 

5 

6 

5 

Diforders of the eyes. 

I 

2 

2 

2 

2 

Piles, — 

2 

3 

4 

,2 

-» 

Ruptures^ — - 

I 

2 

2 

i 

- 

Nervous cafes^ — 

I 

1 

1 

3 

2 

2 

Fiftula, — 1 

2 ' 

I 

X 

- 


Rheumat* pains without fores. 

I 

- 

■ - 



Venereals, 

42 

32 

41 

46 

S 3 

Intermitting fevers, ■ — 


, ' ^ 

3 


“ 1 

©iabetes, ^ 

- 

3 t 

2 

- 

S 

1 

i 

- 

2 

I 

- 

- 

Surgical patients, 

'' 22- ■ 

ni' 

20^ ' 


‘':>S 

Anomalous, — • 

; 5 ;' 

X I 

9 

8 

4 ;: 

Total, - — 

203 

^93 

215 

206 

>84' ( 
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XIII. Experiments upm Mr, and the effeSs of different 
¥mds of Effiimia upon it\ made at York, By W. 
Wliilte, M. D, F. S. A, Communicated by John 
‘ Fotkergill, M. D. F. R, S. 


Read Feb. 5, experiments of which the follow. 

*778. J_ only a part, and which I pur- 

pofe at my leifure to purfne farther, were originally 
undertaken with the defign of afcertaining the ftate of 
the common atmofpheric air in and about this city. But 
in order to form a juft idea of this, it feemed to me ne- 
cefiary to find,, by exa(St experiments, the real effedls of 
the different kinds of effluvia upon air, efpecially fuch 
as are in a natural ftate conftantly mixing with the at- 
mofphere^ and to the effeufts of which all refpiring ani- 
mals are cjonftantl^ expofed; fuch are thofe from animal 
and vegiptahle fubftaneesj and from different kinds of 
foils. As the rdfiilt of thofe inquiries appeared' to me not 
only curious, but! in a medical view very interefting, I 
am in hopes they may be acceptable to the Royal So- 
ciety. 

21 


It 



Dr. whi'Te’s Experiments mi Air, '8cC. 19^ 

It may not be amifs to premife a fliort defcrixAion of 
■■the foil and fitiiation of this city. 

It is for the niofl; part built upon a morafs; this is 
more particularly the cafe in the part of the city fitiiated 
to the Eaft of the river, ^vhich is much the largeft. The 
:foil to the Weft of it is more of a fand or clay. Itis divid- 
ed into two unequal parts by the navigable river Ouze, 
3-unning from N.W. to S.E. Its .fituation is in the middle 
of an extenfive vale, well cultivated, and drained in gene- 
ral; no'r is itkept very raoift and unvehtilatedhy numerous 
thick woods. We have no very high grounds near us, 
but at fome miles diftance, efpecially to the N. and R. 
'are high hills of great extent, called the Wolds. To the 
South there is a gradual defcent down to the Humber. 
Our waters are in general hard: we have one or two 
fprings of exceeding pure, foft water. Some of our 
fprings contain a confiderable quantity of variohs neutral 
■falts) efpecially the magnefia and Glauber’s falt,fo as to be 
purgative: we have two or three pretty ftrongly chaly- 
beate. The higheft ftate of the barometer in the three 
laft years was 30.58; theloweft; aS.ao. 'i'hermometer 
in the' higheft, 8i ;loweft, 8. Having 
brometer, llialf only obfetve id regard td raini that in 
1 7 7 4 we had 193 days in which more or lefts? r^h fellj 
ih' i77 S, 2,32 days; and. in. the laft year, 040, . ; - 

„Vox.'HXV-II-L ■ ■G'X,. 
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Befidestlie navigable river Ouze,Ave have a brook called^ 
the Fofs, which, rifing about twelve miles Eaftwards of the 
city, runs towards it, and, wafhing the caftle walls, emp- 
ties itfelf into the Ouze. This ftream, after floods and in 

winter, overflows a large quantity of land, which in funir 
mer and autumn becomes an offenfive, flinking morafs, 
almoft furrounding the Eaft part of the city. The unr 
healthfulnefs of the evaporation from fome hundred 
acres of flinking mud, is farther increafed by its being 
made a receptacle for all kinds of naflinefs;. in this rer 
fpedl we are more remifs than our anceftors. This has 
been its ftate many ages: leland thus fpeaks of it, 
FoJJa amnis piger^ injlar Jiagnantis aqua colleBa ex pluvid 
et terra uligine^ originem habet See.” In the thirtieth year 
of EDWARD the third, before the king at York, divers 
perfons were puniJlied for QX^dCmg^porcaria [hog’s-ftyes] 
upon the banks of the fofs ; and in henry the fourth’s time 
the throwing in of dung and other naflinefs into the fofs 
was forbid ,,flnder the feyere fine of one hundred pounds, 
as we find in ii%^0!%.,EbQr.acum.. This w^as all done for 
the prefervation of the fifh,; I wifli it was now attended 
to for a more importailt pitrpofe. The draining of it has 
been fome. time in agflat|on, the^^U^ which is 

obvious*. ' ■ ' ' ■ ' : ' ' ■' , 
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Tne apparatus ufed in making the following experi- 
ments is very fimple; and, though lefs oftentatioiis, may 
perhaps be more accurate than more complete inftru- 
ments. Firft, a veffei full of water, of a proper fize and 
figure. Secondly, a common barometer tube of a large 
bore, fo that an ounce phial full of air, being introduced 
into it, occupied at a medium 134 decimal parts of an 
inch; and upon a further addition of an half-ounce phial 
of nitrous air, 205 : this tube is graduated by inches and 
decimals. Thirdly, -glafs funnels, with necks of fuch a 
iize as to enter the tube. 

The air, the fubjedt of the experiment, was conveyed 
into the tube, by means of the glafs funnel, under water; 
the nitrous air is then added to it by the fame method. 
The fpace occupied by them both, immediately . upon 
mixture, is noted down, as alfo the time by a watch: 
after Handing the appointed time (half an hour, except 
where it is mentioned other'wife) the fpace then occupied 
is marked down, which* being deduaed from the firft 
gives the refult of diminution fought for: for example, 
an ounce phial of air from a putrid plumb, with the ad- 
dition of half bf nitrous air, took up the fpace oh 295 
(part of the firft being abforbed by the water in its paf- 
fage through it) ; after half an hour? ftill 1 951 ho 
dinainution following? it was known to he mephitic. 

'Anguft 
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Aiigufl: 30tli, the fame quantity of the air of my garden 
with the nitrouS). occupied 205 after half an hour it;; 
was diminiflied to 145, which being deduaed gave 60,5. 
the ftate of the air that day ; and fo of the reft.,. 

The medium ftate of the air of the, atmofpherej. 
in upwards of two hundred experiments, was Co° or, 
61°. 

EXP. I. Sept. 1:3th, it was iii the.worft ftate I e;yer:ob"- 
ferved it, 58°, the barometer being 30. 30, . thermometer 
69°, with a calm, cIqzx Iky,, wind S.E. air dry. and ful-- 
try, no rain having fallen for above a fortnight ; . on the, 
fame day we had a flight. fiiock of an earthquake. 

EXP.. II. Sept. 20th,, much rain falling, barometer;:- 
3 0,00, , thermometer 60°, wind being South, it was 63°. . 

EXP. III. The next day, Sept. 2 1, a high wind cleared 
the air, barometer 29.50, thermometer 5 2'’, the air was , 
64°. It w-as the fame Odt. 5, the wind high and .Wefterly. . 
Tlhl was the piUTeft l.everubferved^^ 

EXP . IV. , Hiav£ only, obferved it fo good as 68” ia . 
three inftances,. Augnift: 1 6, Sept. 20, .and .29 ; thefe were ,- 
all ftiQwery days,; with a brifk wind*,^ ^ ^ 

EXP. V. As to therinfluence of the different winds . 
upon one atmofpheric air,„my experindents are as yet too.' 
few to. afcertain it.,, lihavegeiKiahy fbundit thepureft:; 
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during Weilerly winds, and the.worfl when it blew from : 
the Eafterly points. 

EXP. VI. The difference of the air a little way out of 
the city, from that in the city itfelf, is perceptible enough. 
Auguft.pthj the air of the city was 59°, beyond the city 
walls 62°. On the nth of the fame month, the firft 
was 60°, the laft 62'’. 

EXP. VII. Common air being briflcly agitated with- 
water for haif an hour, was found to be made worfe. In . 
one experiment it was reduced from 5 9° to 57°; Jn ano^- 
ther, from 61® to 59°; in a third, from 6 1° to 57®; in a. 
fourth, from .6 2° to 5:8®. Air obtained from glazier’s; 
putty by the nitrous, acid was meliorated by the fame 
procefs. 

In order. to find the effeds of animal exhalations upon: 
air, the following experiments were made. 

EXE...viiii The air. of my bed at night I found to be; 
62°, the next morning it was reduced to 58®; this was . 
feveral times repeated. The diminution here will appear ■ 
very cnnfiderable. upon . obferving, that it was the efFe6it : 
of the breath, , Sgc. of . a; fingle perfon, . in a large, airy - 
roomj the ‘beadfcuttainsi always open, except onthe fide : 
facing, tke window, which is <|iiite: open to large gardensv , 
aBdineve»,jiDat with."cu£itahi&'ie fmlly^:&e»S'them#hol©»-^ 
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foraenefs of fmall rooms, clofe beds, See. efpedally ia 

•difeafes. 

E'li?. IX. Some air whicli I had refpired as long as 
could be without manifeft inconvenience, was by it re- 
duced from 62° to 40°. This illnftrates the preceding 
■experiment. 

EXP. X. A fmall piece of frefli veal was put into a 
phial containing eight ounces of common air, and buf- 
fered to remain therein twenty-four hours : the flefli was 
then perfedly fweet, but the air was much injured, be- 
ing diminifhed from 64° to 55. Being left together 
twenty-four hours longer, the air was reduced to 1 0°, 
or rendered nearly mephitic; yet the flelh was not putrid, 
only fmelling rather faint and raufty . 

It is evident from hence, that fomething had efcaped 
from the fielh, whilfl: yet void of any putrid fmell,fo as to 
render the air very noxious : I fuppofe this effluvia to be 
pure phlogifton. Hence it feems, that this principle is 
capable of riling, per fe, uncombined with the faline 
part of animal bodies, the union of which is fuppofed to 
giye , the putrid fraell. It proves Sir John pringle’s fup- 
pofition, that phlogifton, when lingle, is imperceptible 
to the hnell; . but I think it alfo fhews it to be peftilen- 
tial. In our expwthents. it was devoid of fmell, confe- 
quently contained^ no df volatilized add; yet it 
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had the common property of all putrid effluvia, that of 
rendering common air noxious. 

EXP. XI. Air taken from within a privy was found in 
feveral experiments to be equally good with the common, 
atmofpheric air. One trial only gave a different refult; 
here the external air being 6.a°, that of the privy was 
only 6o°. 

The refult of thefe experiments was contrary to my 
expectation, and I was not fatisfied without making feve- 
ral trials. Sir JOHN pringle obferves, that the forces hu- 
mane, are, perhaps, in a natural ftate little if at all in- 
fectious. Thefe experiments confirm the juftnefs of his 
fuppofition. The recent excreta of a perfon in perfeCt 
health are here underftbod; in putrid difeafes they muft 
necellarily partake of the general ft'ate of the fyltem, 
and become very noxious and infectious. 

EXPi XII. The following experiments' were made to 
difcover the effeCts of vegetable effluvia upon air. They, 
were put into- a phial of airj containing eight ouncesj. 
immediately after being gathered put of my garden;; 
the time of Handing together half an hour,,, except in a 
few cafes pp'jtacularly noticed. 
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Flowers of Uimariaj diminiihecl it from 
'Tea-week Stocks, 
■Migaionettc, » 

Gaieaclula vulgaris, 

French ditto, 

Nafturtium indictim, 
Carnations, 

Tree primrofe, 

Antirrhinum, 

Leaves of Sage 

Thyme, 

Mint (common) ' . . 

' ’ Ditto (pepper) 

Parfley, * * • 


6 3 to 52, 
■63 to 53 
60 to 54 
60 to 54 
60 to 53 
60 to 5.5 
60 to 56 

60 to 56 
6 0 to 57 

61 to 55 
61 to 56 
61 to 5 7 
61 to 57 
61 to 57 


It is evident from thefe experiments, that vegetables, 
when frefh and vigorous, exhale a noxious matter in 
eonfiderahle quantity, which quickly renders common 
air noxious. This is moft remarkable in the flowers, 
next in the leaves, and this ifi proportion to their firm* 
nefs and texturei, 

EXP. xin. In the laft experiments we have faid, that 
the air only ftood in contaa with the vegetables half an 
hour; let us fee here what effedfc a longer tinae of ftand* 
iiig together itiay have, m%-., t 6 hours* 

Flowers 
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Flowers of Ulmaria diminiflied it from . 60 to 3 

Ten-weeks flocks, . . 60 to i 

Leaves of Sage, . . . . 6 1 to 9 

The vegetables were at the end equally fweet as when 
firft gathered and piit into the phial of air. 

Thefe fadts are very curious, interefling, and con- 
vincing. It is amazing, that vegetables, whilfl frefli and 
free from the leaft degree of putrefcency, fhould have 
fuch a noxious tendency as to -fpoil the air, and render it 
not only ufelefs but fatal to animal life, and that in fb 
fhort a time. 

We have here a fl;riking example of the necelTity of 
faithful experiments: by them alone we can add cer- 
tainty to fcience, and develop nature in her moft fecret 
and abftrufe operations ; and as flie is unchangeable in 
herfelf, every difeovery extorted from her is immutable. 
For want of attention to this laborious but foie method 
of coming at truth, it is a pretty general opinion in the 
world, that even rotten vegetables are little noxious : and 
a late author, whoni I only mention becaufe his hook is 
pretty generally read, in a chapter upon putrid fevers 
and infedfion, exprefsly fays ; “ The effluvia of rotten 
« vegetable matters have little effedt in contaminating 
VoL. LXVIII. D d “ the 
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“ the air ; from fome experiments it appears, that they 
“ poffefs rather an antifeptic virtue.” 

We know, however, by fatal experience, that both ani- 
mal and vegetable fubftances, when in a corrupted ftate, 
are the obvious foiirces of tlie moll: dreadful and alarm- 
ing difeafes, from the mildeft putrid fever up to the plague 
itfelf. Sir john pringle gives us an inftance of the jail 
or hofpital-fever, caufed by the infe6tion of a gangrened 
limb. A dreadful fever was caufed at Venice by a quan- 
tity of corrupted fifli; and at Delft by putrid cabbages 
and other vegetables. Many inftances of this kind may 
be brought, by which countries have been almofl: depo- 
pulated. 

But it is no wonder that animal and vegetable matter, 
when in a ftate of abfolute corruption, fhould be preg^- 
nant with fuch dreadful effedts. Inflindt leads us to fly 
from the danger when we perceive the cadaverous fmell. 

The ninth, tenth, twelfth, and thirteenth experiments 
demonftrate, that our fenfes are by no means capable of 
diftinguifhing infedion, nor, by warning us of the dan- 
ger, of leading us to avoid it. They Ihew, that both animal 
and vegetable matter, when perfectly frefh, fweet, and 
devoid of putrefcency, exhales fomewhat of a very noxious 
nature,, inducing a putrid ftate in the living body, which 
proves deftru6tive to animal life. 


I 


Hence 
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Hence I do not hefitate to declare, that in jails, hofpi- 
tals, and other crowded places, we ought not hj any 
means to eiiimate their wholefomenefs by the abfence of 
difagreeable fmells alone. The principle of difeafe may 
lurk therein unperceived by our limited fenfes. The 
method ufed in thefe experiments is the only trae one by 
which we may judge with fome degree of fafety. 

The crowding together of a number of men in camps, 
hofpitals, jails, lick rooms, 8cc. will prefently generate a 
molt rnalignant and infedtious fever; and in a very lliort 
time, efpecially if the place be clofe, un ventilated, and 
the weather hot, the moll fatal effedts will follow. Of 
this we have a moft remarkable example in the affair at 
Calcutta. 

Mr. HOLWELL and one hundred and forty-five more 
people, in perfedt health, were, by order of the vice-roy, 
fhut up in a place of confinement, atfeven o’clock in the 
evening. The place was 1 8 feet by 1 8 feet, containing 324 
fjuare feet, fo that there was a fquare for each perfon of 
a 6^ inches by la inches, which was fufficient to hold 
them without prefling violently upon each other. The 
weather was extremely fultry, and the place of confine- 
ment having only one fmall grated window to the Weft, 
the air within could neither circulate nqr be changed. In 
lefs th^n an. hour after their being inclofed, many of tte 

Dda 
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Lbappy people ^vere feizcd with violent dfficulty of 
breathing, fevcral were dcliriout, the place was ffl ed 
with incoherent ravings, exclamations, and cues o ti - 
trefs: the cry of water, water, was predominant; it was. 
handed to them by the centinels, but had no effea in 
ealin? their thirft. Before eleven o’clock many were fuf- 
focated, or died violently delirious. By twelve o’clock 
all that furvived, except a few at the grate, were to the 
higheft degree phrenetic and outrageous; they now 
found no reUef from water, but air could not be pro- 
cured. Soon after, thofe at the grate grew fo infenfible,. 
that we have no account of what happened till they 
were releafed from their confinement at fix o’clock next 
morning. Such was the effeas of animal effiuvia in a 
clofe and unventilated place in the fpace of eleven hours, 
that, out of one hundred and forty-fix fouls, no more 
than twenty-three came out alive, and thofe in a high, 
putrid fever, of which, however, by frefti air, 8cc. they 


cFadually recovered. 

In Ml confined places, in proportion to their airynefs, 
wefindmoreorlefs of this. In hofpitals, though the wards 
may give no marks of it by any apparent dirtynefs or 
difagreeable fmell, we may pbfferve its effefts; difeafes 

which ufually adnait in privMe pradice of an eafy enre^ 

are often very tedious, and apt to aflhme anomalotls 

fymptpms. 
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fymptoms. Healthy perfons, admitted- for the cure of 
recent wounds and other ■ accidents, foon become pale, 
lofe their appetite, and are generally difeharged weak 
and emaciated, but foon recover by the benefit of frefli 
air. In fome hofpitals the cure of a compound fradure 
is rarely .feen; in private pradhee, and a pure air, fuch 
cafes feldom fail. Such and many more are the efFedts 
of bad air, which, though not virulent enough to caufe 
a putrid fever in its more malignant form, is yet fuffi- 
eient to excite it to fuch a degree as to undermine the 
conftitutions of the patients j a,nd render the diforders, for 
which they were admitted, anomalous, tedious, and 
fatal. 

We have demonfirated, that the effluvia of vegeta- 
bles, even whilft perfedlly fweet and frefh, are equally 
poifonous with thofe from animal fubftances. The vege- 
tables were feparated from their parent plant, confe- 
quently not in a growing or vegetating ftate. 

EXP. XIV. Being delirous of finding the effedfs of 
e^fflnvia from ripe fruit upem air, fix ripe goofebemes 
were inelofediixteen hours in a phial with eight 
©unces^of eothhioh : the air being then put to the 
was found to be diminifhed from 6 a® to 40® .. 
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Hence it appears, that frefh fruit have, in com- 
mon with other vegetable matters, a great power in pol- 
luting the air, and rendering it noxious. 

EXP. XV. In order to find whether any part of the 
pernicious effedts of vegetables upon air in the twelfth 
experiment might be owing to their odorous particles, 
the following experiments were made. In each, the 
quantity of inclofed air was eight ounces ; the time of 
tlaiiding together fixteen hours. 


I o grains of Mufk diminiflied it from 
^Camphor, . » 

x^ffa-foetida, 

, Saffron, 

-o I _ ^ 

Opium, . . . 

a [Vol. Sal. Ammoniac. 



63 to 62 
63 to 62 
62 to 62 
62 to 62 
60 to 58 
60 to 58 


Mulk and camphire were felecSled as examples of 
elTential oils ; the firffc of the animal, the fecond of the 
vegetable clafs. The alTa-foetida as an inftance of the 
fcetid odour; opium of the narcotic. Saffron, from its 
mode of preparation, is incapable, of corruption whilft 
kept dry, and could give nothing but pure odour. The 
volatile fait was an example of th^ volatile odour. 

Hence we find, that pure odour has little, if any, 
effect in polluting the air. For where any dijfference 

occurred, 
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occurred, it is lb fmall, that I attribute it rather to feme 
little inaccurracy in conducSting the experiment. Nor 
did I think it neceffary to repeat the trials, being fatisfied 
that their poifonous efFebfcs in the twelfth and thirteenth, 
experiments were not in the lead owing to their odour,, 
but to their organized ftrudure, tending to dillbiution. 
from the time they are deprived of nourilliment; fuch 
is the perfedt agreeuient between vegetable and animal: 
fubllances. 

It is demonltrable from hence, that the filling of 
rooms with nofe-gays and bunches of flowers is by no 
means a fafe prafrice, efpecially in clofe rooms or fick. 
chambers; their efiiuvia are of fo noxious a nature as 
quickly -to render the air unfit for the purpofes of refpi* 
ration, and cannot fail of having bad effedts upon fick. 
and valetudinary people in particular.- 

But it is alfo evident, that the odorous parts of vege?- 
tables, when feparated by art from the putrefcent, are by 
no means hurtful. Hence, except in particular confti* 
tutions, or in cafes where their ftimulus may be hurtful,, 
they may be fafely uled as agreeable odours, and to ob- 
viate the fmell in fick rooms, See. The volatile alcali, as- 
Sir JOHN PRINGLE obfcrves, appears in this view peifedly. 
kmocent. 
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What is here fatcl is underftood of plants gathered 
and feparated from the roots. Dr. Priestley difcovered 
a diffcTcnt property in them vvhen in a vigorous, grow- 
ing ftate, they then abforb from the atniofphere; but 
this ceafes with their life, they then exhale putridity,, 
and liaften to diflblution. 

We come next to another, not lefs curious and impor- 
tant, part of our experiments ; the effecSts of the effluvia 
from moift, marfliy, and other kinds, of foils, upon air. 

This fubje<Sl, as particularly connected with our art, 
regarding the endemic difeafes of different countries, 
and a plentiful fource of the mofl: dangerous difeafes, 
has much employed the attention of phyficians and phi- 
lofophers. The nature of miafmata is, as far as I know, 
as yet but imperfedly underftood'; hence general una- 
nimity of opinion is not to be expedted : nor can a per- 
fe<5t coincidence in the refult of experiments be at once 
attained, efpeciaMy if made by perfons With different 
views, and under the influence of different ideas and 
perhaps prejudices. 

in order to attain truth, we nauft take faithful expeii- 
ments, mafle wdthfedulous obfervation, for our guides ; we 
fball find themtorefle(5tmutuallight and truth upon each 
other. Thus we gradually lift up the veil of nature, and 
become acquainted with her genuine form; nor let us 

imagine 
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imagine her ways to be infcrutable; it was merely 
through ignorance that the ancient Egyptians covered 
Ifis with a veil, making her declare that no mortal could 

lift it up. 

EXP. XVI. The air over the river Ouze was conftantly 
purer than that of my garden by two or three degrees. 

EXP. XVII. The fame was obfervable in the air over 
the fofs. This was at a time when, in confequence of 
floods, the current was pretty rapid, all the mud and 
marfliy ground being covered to a confiderable height 

■with water. 

I next tried what efFed the fame waters might have upon 
air, when confined together. Two ounces of the water 
was put into an eight-ounce phial, fo that there were fix 
ounces of air; being corked up, they were fufiered to 

ftand together fixteen hours. 

EXP. XVIII. The air from the Ouze water was equally 
. good as at firft ; and this in feveral experiments. 

EXP. XIX. The fame was the refult in the fofs water. 
It was perfeaiy free from mud, yet not fo clear as the 
riven waters and had fome of ih& kns pahiftris fwimming 

in it. ^ '.h'V:;;;,::':'"' i V ' ■■ ' 

Hence we find, that the air was not any way polluted 

by Handing over the furfaqe of water. Perhai)s if longer 
time had been allowed in the nineteenth experiment, 
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the lens palujlns might have grown putrid, and hurt the: 


air. 

EXP... XX. Some of the- fols water was next tried; fo: 
foul as to depofit a muddy fediment upon ftaiiding. 

In one experiment the air was reduced from 62° to- 
5.8°; in another, from 6 2° to 57 °; in a third, from 60° 
ti) Sd'.- 

EXF. XXI. It has been obferved by thofe pbyficians 
who have had the moft opportunities of being ac- 
quainted with the difeafes peculiar to low, ftagnant, and 
fenny fituations, that they feldom begin to appear until : 
the water is fo far evaporated, that the black and flimy 
mud begins to appear. In order to know this, thefol-s- 
lowing experiments were made. - 

Two ounces of the black fhnking mud of the fofs was ■ 
put into the eight-ounce phial of air; being clofed, they 
were fuffered.to remain together twelve hours. The air 
in twelve trials being put to the tell, the refeilts were a?; 
follow., . 

In feven experiments the air was reduced from 62° to 
34°; in three, from 62° to 36° ; in two; others, from. 60®, 
to 35°.,, . , ■ ' ■ - 

Thefe are convihcihg examples of the noxious effedls > 
of the effluvia from putrid bogs and mariies. Aittough. 
h.\Tas perfedlly^ conviaced.'of .this - by the -aiathorti^bf 
- ■■ ■ dir'/..:.., 
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Sir JOHN ppaNGLE''”''-^, Dr. clegkosn'^'-’^, See. as 

alio by my own refleiitiojis and C'bfcrvutions ; yet I was 
pleafed to jirove it in ray owni fmcly, and to be able to 
bring it to the evidence of the fenfes. It is not a littie 
ladsfa6Lory to prove, by modern experiments, the truth 


of obfervrdons made in remote antiquity. 


A late ingenious author '"‘'q from experiments made 
with raw fieili fufpended over bogs, finding that the 
ejffiuvia rather retarded than haftened putrefaction, ven*- 
tures to declare, that he is even inclined to doubt of 
their (marfli efiiuvia) infalubrity in any refpef!:.” 

Eiit it fiioukl be remembered, that an atmofphere, 
already faturated with putrid matter, was by no means a 
proper menjiruum for taking off and fuipentling a far- 
ther portion of putrefeent matter. 

And we ought to confider, tYxztmiafrnata^ a^qiie ac 


■medkamenta, non agunt in cadaver. As all impreffions 
upon our fyftem are made through the medium of 


the nerves, no motions can he excited, nor farther 
imrt^^^Jiquidi nervoji be pi^uce^, irj. bodies divefted of 
nervous energy. My expeiito^riit^ prove, thgt maffli e|Hu- 
via are:ppifonpus to^ a liyin^g j they may pro“ 


{b)_ Effa^ on. tte Difeaf^ iMidental to E^rojpe^ns iri'liot Climp. , 



i 
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bably adl as an antifeptic upon the dead one. Fixed air 
ife a powef-fhi antifeptic in the one, but is deadly to the 
other. Nitrous air preferves all flefli from corruption', 
after death ; yet let any living animal but once breathe in 
it, and it inftantly expires. Some of our bogs have the 
fingular property of preferving dead bodies not only- 
fweet but pliable for many years ; but we are certain they 
ai-e at the fame time deadly to living animals. 

EXP. XXII. A fourth part of an eight-ounce phial was 
filled with the fame mud as in the I’aft experiment, buf- 
fo much dried in the fun as to be eafily rubbed inta a 
(powder, the reft being air ; after being corked, they were 
fet by for twenty-four hours, and in the interim fre- 
quently agitated. The air being at the end put to the- 
teft was fcarcely altered, the greateft diminution in feve* 
ral different experiments was only from 62® to 6o'°. So 
that the air was yet quite good, although they flood dou- 
ble the tiihe of that} in the laft experiment. 

Hence it is evident, that bogs and marfhy grounds, 
when dry, of perfMy dfained of their moifture, become- 
healthy, and emit no tioXidus exhalations. 

This illuftrates the bbferVation, that fuch lituations 
are not liable to produce their peculiar difeafes during 
the dry feafons, or after being well drained. And it is 
obferved, that in the moft unhealthy of our fettlements 
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in Afto, the Eaft and Weft Indies, the inhabitants are 
at fuch times healthy. But when the wet feafons begin, 
the fcene is reverfed; the air imme^ately becomes 
vitiated, polluted, and deftruaive; putrid fevers arife,. 
and fpread deftruaion over the country. The ingenious 
Mr. itiES gives a dreadful inftance of this, and of thc’ 
diabolical revenge of the Arabs, when they think them- 
felves injured by the Turks at Baffora: they, by breaking. 
down the banks of the river near that city, lay all its en- 
virons under water. After the water is nearly-evaporated,. 
the mud and other impurities corrupting, pollute the. 
air to fuch a degree as to caufe a moft mortal fever in. 
that populous city. This was the cafe when Mr. iVES’ 
was there; of this fever fourteen thoufand fouls pe- 
lilhedj and of the Europeans fettled there only three 
efcaped with life : a moft horrid mode of. revenge, and- 
a dreadful example of the deadly effeas of marfhes and 
ftagnant waters in hot climates. Let us fee if we cam 

prove this by adual experiments. 

EXP. xxiu. To the fame powdered mud ufed in the 
laft experiment, was added as much water, as 
' quired to bring it to the fame confiftency withthat m the 
twenty-erft experiment. This being inclofed with fix. 

oHBces of air a8.b#re,ftPOd twentyJoip lioiirs. ^ . 
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The air had then, contracted a iioifome fmell, like a 
new-cleaned ditch, and was dimiidJhed from 6 2° to 49°. 
Several experiments gave the dime relult;): on ftanding 
longer, it was diminiilicd from 62'^ to 29°. 

This experiment proves and iliidlrates the efFedts of 
moiidure co-operating with unhealthy foils in ’producing 
■ their pernicious effedts. Moilltirc to a certain tiegree is 
, neceflary to every kind of fermentation ; hence I ilifpect, 
that by the ihlling of a certain c|uantity of rain uxioii-. 
: marfliy grounds, a fermentation iramediateiy coiiimences 
in the putrid, foil, a quantity of vitiated particles are fet 
at liberty, by which the air is polliitetl. The degree of 
fermentation is influenced by the degree of heat, and the 
greater or lefs quantity of moifture. 

EXP. XXIV, To the mud ufed in the laft experiment, fo 
much more water was added as to dilute it fo that, upon 
•fubfiding, a conliderable height of water fwam above it;- 
iriwaS confined with the air, and ftood as in the laft 

.experimentf'/-,-v,, , 

The;aft\'ielb%:thmitried'by,t,he teft, it Ayas inmoin- 
flance found 6^2® to 5 6°. 

This experimeEBt:;y 5 '^:Mad#A view'of difeoverihg' 
the effedf of .marfhesiahfl.- hags'- water;': 

■and we find 'tiiat their; ■naeafihs.iSi'b-: 
viated by it; fo that the putrid fermentation is either 

;preyented 
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prevented by too much rnoillure, or the effluvia are ab- 
forbed in pafiiiig through tlie fuperincumhent bed of 
water : perhaps the cold generated by evaporation may 
have fome effed:. 

This fully proves the propriety of Sir john pPvINGle’s 
remark, where, in giving cautions for’ avoiding difeafes 
arifing from putrid air, he fays, “ As for cantonments in 
“ marfliy grounds, if the troops muft remain there in 
“ the dangerous feafon, it will be better to float the fields 
‘‘ entirely, than to leave them half dry ; for the £hal- 
“ lower the water the more it will corrupt, and the eva- ■ 
poration will be greater in proportion.” How beauti- 
fully is this illuftrated by the twenty-firft, twenty -fecond, 
twenty-third, and twenty-fourth experiments I An in- 
ftaiice of the perfed agreement of faithful obfervation 
with truth and nature. 

. EXP. XXV. Two ounces of dirt fwept from the fireets 
were inclofed in the y)hial as before ; after ftanding toge- 
ther twenty-four hours, the air was found to be dimi- 
nifhed confiderably, from 63° to 50°. 

Hence it appeairs how well the magiftrates Confitlt 
the dhealth of the inhabitants, as well 
pf idties and large towns, by enforcing ' due attentioii to 
the cleaning and paving of the ftreets in their refx>ec^ 

"-b-i d*' 

'''-.'Ai'.'A ■ ' d ■: vd.'lvx n.: 'Hipi 
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EXP. XXVI. The fame quantity of loamy, vegetable 
earth, out of my garden, and brought to the confiftence 
of thick mud by addition of water, was next tried. The 
air M^as found but little worfe; in one inftance only di« 
miniihed from 59° to 55°; in another, from 64° to 61°. 

It is probable ‘from hence, that fine loamy vegetable 
earth contains little putrefcent matter, as it gives little 
noxious effluvia. The addition of animal and other kinds 
of manures will much vary their effedls in this refpedl. 

EXP. XXVII. A mafs of the fame confiftence was formed 
of pure clay and water, the other circumftanccs of the 
experiment being the fame. The air was not found the 
worfe by it in fix trials : in one there was only the fmall 
difference of 62,° to 61°, certainly the refult ’ of fome 
flight inaccuracy. 

So that the pure clay foils appear to be favourable to 
fhealth; they emit no kind of feptic or noxious effluvia. 

^Bxsqxxviri. Wet fand was tried in the fame manner, 
and found to have no noxious effedl upon air: from 
which it may be concluded, that the general notion of 
the falubrity of fandy foils is founded on truth. 

I fliall at prefent conclude with recapitulating a few 
inferences, which feem to be proved by the preceding 
experiments. 

I. The atmofpheric air is rendered worfe by a long 
continuance of dry weather* 


It 
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2. It is purified by rains and winds, efpeciallyWefterly 
©nes. 

3. It is confiderably worfe in cities and large towns, 
than in the country, even at a fmall diftance. 

■ 6. It is quickly poifoned by the effluvia from animal 

bodies, even whilft perfe6lly fweet and free from x>u- 
tridity. 

7. Vegetable matters, when not in a growing ftate, 
have a fimilar effecSt, and in a degree equally powerful. 

8. And this is not any ways owing to their aroma or 
odorous parts. 

9. Phlogifton rifes alone, 

I o. Phlogifton is imperceiftible to the fmell, perfe, 

1 1 . Phlogifton is, peftilential. 

I a. The abfence of difagreeable fmells is by no means 
a criterion of the healthful ftate of jails, hofpitals, See. 
or of their freedom from infedion. ■ 

1 3. Mere odour does not injure the air, nor do vola- 
tile alcalies. 

1 4. The air is generally pure over waters. 

1 5. The air is greatly injured by the effluvia from the 
thick mud of bogs and marfties. 

16. But this is much obviated by laying th^m under 
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1 7 . Air is not hurt by fuch mud when perfe6lly dry. 

1 8. Air is alfo infeded by the dirt of the ftreets. 

19. Pure loamy vegetable earth has little of fuch 
cfFed. 

20. Air is not at all polluted by pure clay foils. 
zj . Nor by thofe of pure fand. 



[ I 


XIV. An Account of the Earthquake which was felt at 
Manchefter a7id other P laces , on the Si\th Day of Sep- 
tember, 1777. In a Letter from Mr. Thomas Henry, 
F. R. S. to William Watfon, M. D. F. R. S. 


^ Y Mancbeller, 

^ ^ O£lober 2 i, I777» 

Read Feb. 19, r i "'HOUGH the fhock of an earthquake 
1778. I ^ 

which was felt on Sunday the r4th of 

September, in this and fome of the neighbouring coun- 
ties, was by no means equal to thofe terrible concuffions 
which fome foreign countries have at times experienced ; 
yet as it appears to have been at lead: as violent as any that 
has happened in this ifland for many years, I thought a 
particular account of it might not be unacceptable to you, 
efpecially as fome drcumftances attending it feem to be 
connected with a branch of natural philofophy, for the 
elucidation of which mankind are much obliged to your 
'induftrious and ingenious refearches. 

the morning of the day on which the earthquake 
happened, I w:as confiped: .to my< bed beyond my ufual 
hour by a head-ach, with which I am generally tronbkd 

■■■;F fa' ‘ .'previous 
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previous to any ftorms or confiderable changes in the 
atmofphere. .About five minutes before eleven o’clock, I 
was alarmed by a noife which feemed as if it might have 
proceeded from a large bale of goods thrown down on a 
boarded floor below flairs: the honfe fhook. I called 
out to my wife, who was in an adjoining clofet, to know 
what could have fallen; when inftantly I was aftoniilied 
by fuch a rattling noife at the North-eafl corner of the 
houfe, that 1 cried out that a part of the hoiife (which 
had been built within thefe few years, and was not fo 
■firmly connedted with the old part as it fliould have been) 
was fallen ; and in this opinion I was immediately con- 
firmed by a third and more violent crafti, refembling the 
tumbling down of a large and lofty wall. Each of thefe 
noifes was fucceeded by a feparate concuflion. 

Thefe events muft have taken up the fpace of at leaft 
half a minute. During that time I got out of bed, and 
putting oh my coat and waiftcoat, ran to a window which 
commanded a view of ope fide of the fufpedted building, 
and to my great furprize found it ftanding. 1 then went 
to a window at the front of the houfe, where I alfo found 
every thing fafe ; and on being informed by feveral peo- 
ple, who had fled affrigh tec! into the that their 

houfes and furniture had hOen violently fhaken, I con- 

'■ " ■ f::"'cltided 
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eluded the difturbance muft have been occafioned by an 
earthquake. 

I had now time to make inquiry how my wife had 
been afFedted; for my mind had been hitherto filled 
with anxious fears for the fafety of ray twu youngeft 
children, who were in that part of the honfe where I had 
apprehended the danger to be. The dimenfions of the 
clofet in which lire flood were three yards by two. At 
the North-eaft corner, on the outfide of the wall, is a 
leaden fpout, which communicating with a wooden one. 
conveying water from a lower building, difeharges it,, 
without coming into contact, into a leaden ciftern, from, 
whence a fmail pipe defeends into the cellar. At a con- 
fiderable height above thefe, another leaden fpout pro- 
ceeds obliquely from the Northern along, the Eaftern 
fide of the houlTf , , coiledting the water from the whole 
furface of the roof. From this quarter the noife, which 
was heard before the two laft concuffions,, feemed to have 


proceeded. 

wife informed me, that at the ihftant of the fecondl 


explofion fhe had received a very fmart.jftihke opthe tbp 
, of her head, and, imagining that fomethihg had fallen 
off a fhelf, looked dowh oh the floor and perceived it: 


'heaidngmnderheryhufnould-feihothmgthatcouldhave: 
gjlventhe blow. Liffliig*ttphad eyesfhe fawherohina- add: 

■ ' p;:''hs?ery. 
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every thing in the clofet dancing on the fii elves; and, 
during the third Ihock, the vibration of the walls was fo 
great that flic expedled they would have fallen upon 
her. A pain, attended with a degree of faipor, remained 
in the part of her head which had been affedled, for 
feveral hours after. Several other perfons likewife re- 
ceived ftrokes fimilar to eleiftrical ftrokes in different 
parts of their bodies. 

In the churches, it being in the time of divine fervice, 
the greateft confufion and terror were occafloned. The 
congregations j fufpedting that either the galleries or the 
roofs were falling in, endeavoured to efcape with the: 
utraoft precipitation. Several people were thrown down 
and trampled on, and fome*few had their limbs broken. 
Nor is it to be wondered at that they were fo terrified, as 
the pillars and walls evidently tottered,^ and the motion 
was fo great as to toll the bells in the Collegiate and St. 
M^ryiS churches. My fons, who were at the latter, 
aflufed^ return, that they heard the bell 

twice during lift and the fadts are befldes well 

authenticated hy Variety of eyMence. 

The alarm was equally greaf ip of the places of 
worlhip in this town, except at St y Paul’s church, which 
is a low building at the North-eafl: fide of the town, with- 
out a fteeple, and has a common fliore rpnning urider it. 

HoW' 
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How far thefe circumftances may have contributed to 
render the coiicuflion lefs fenfibly perceived tliere, I do 
not pretend to determine. 

J\.ll tlie nei^bbourln^ towns weie afiedted in a fimilai 
manner; but very confiderable differences were obferved 
in different parts of the fame towns. At Blackley, a 
fmall village about three miles from this place, the fliock 
was violeiU in the epifcopal church, though very mo- 
derate in the diffenting chapel, fituated not above three 
hundred yards from the other. The latter is a very low 
ftriidf ure. Hands at the foot of a hill, and has no leaden 
fpouts to convey the water from the loof. At a houfe, 
about one hundred yards beyond this, placed on an emi- 
nence, a fervant, Hooping at fome little diHance from a 
cheH of drawers which Hood up to the wall, received fo 
fevere a blow from it as to Hrike her to the ground. 

The water in many plaqes was agitated. Ihe paffen- 
gers in the duke of Bridgewater’s boat, who were on the 
canal, did not perceive any change; but the Heerfman 
lecolledts, that the yeffel was fuddenly Hopped at that 

time, which he could not then acGoiint for. 

The noife was particularly loud in thofe houf^s which 

were fumifhed with epnduaprs; apd, as fjlf as I have 

■' been^:todollea^:,j$^'W of' the 

jbonfbs where the conduaor^ W^te h^edt 

'''f 'f. Many 
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Many re°Pl^ complained, for feveral days after, of 
nervous pains and hyfteric aftbaions, and of fenfations 
fimilar to thofe of perfotrs who have been ftrongly elec 
trified. Perhaps the fright might have contnhuted to 
have produced feme of thefe effeas. For my own part, 
my head-ach, which feldom leaves me before evening, 
was intirely and immediately removed. A report pre- 
vailed, and it was pofitively afferted, that a boy at Roch- 
dale, who had been long deaf, had recovered his hearing 
at the inftant of the earthquake; but, upon the mofl: 
ftria inquiry, the faa does not appear to be fufficiently 

authenticated. ^ o . 

■ Different people in the fl.me rooms were affeaed m 

various degrees, and felt the Ihock more or lefs violently. 
Neither the vibration nor noife were perceived by 
mofl: perfons who were travelling on the roads or walk- 
ing in the ftreets. Yet others, on looking at the houfes, 
perceived a great undulatory motion in them. ^ 1 hofe 
who ftood on mofs or loofe garden ground felt it heave 

■under th^hi,yWptGeptaiy^^an who lat or lay 

upon the grdund j wkei^-lhocked as to he thrown forci- 




hly 'out of; the':''p0'§6#*:| 

To myfeif uhd'fe=5^er^*'-^hdf^-‘tyho'';Oh^ the pro- 
grefs of this pheno'men@fi:iEdoUf,'tht^e'&0ck8;;Were 
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clearly diftinguifiiable. Some perfoiis were fenfiule of 
twoj and fome of one only. 

The motion of the eaitliquako, at leafl of a nrfl'iing 
wind which attended it, was from Sontli-weft; to North- 
eaft. It was felt at York, Loncafler, Liverpool, Cliefter, 
Birmingham, Derby, and Gainf&crongh ; and wiibin this 
circuit, the diameter of which mnft lie 130 or 1 40 miles, 
with greateft violence in this neigh bourhood, which ap- 
pears to have been the center of it. 

In Derbyfhire, through a great part of which county 
I have lince travelled, the fliock was ftrong on the 
Weftern, and weak on the Eaftern fide of the Peak. I 
cannot find that any of the mines were injured by it, 
though itjliad been reported that fome of the foughs had 
fallen in. Nor does it appear, that in the great extent of 
cotmtry, which was thus violently agitated, ajiy more 
material damage was fuffered than the throwing down 
fome chimnies. Praifed be that kind, fuper-intending 
Providence, who rides on the whirlwind, and direds the 
ftorm ; and who gracioufiy put a period to this awful and 
tremendous feene, when we were apparently on the 
'Ijriiik of deftrudtion ^ ' 

To you, SIR, who have fo intimate a'.toowledge of 
ele^rical fnbjedts, it to make any* 
obfervations on the abnye ff^fbjil'erbaps many of, them 
. VoL. LXVIII.'':': , Tp': • ;'may 
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may tend to confirm Dr. stukeley’s theory of earth* 
quakes being oceafioiied by the accumulation and dif- 
charge of the eledtrical fluid : yet I cannot but obferve, 
that the*ftate of the atmofphere and of thfe feafon feems 
to have differed in many points from that which he de* 
fcribes as preceding the earthquakes in the years 1749 
and 1750. 

Dr. STUKELEY fays, that for four or five months the 
weather had been warm to an extraordinary degree, the 
W'ind generally South and South-weft v/ithout rain. That 
in ' the marlliy parts of Lincolnftiire the drought had 
been fo great on the furface of the earth, that the inha‘- 
bitants -had been obliged to drive their cattlfe many miles 
to water. That -before the- London earthquake j vegeta- 
tion was as forward in February as it ufually is in April. 
th.ztth.e aurora was- frequent, unufual in its Co- 

lours) and even removed to the South; and that the 
whole year had been remarkable for fire-balls j lightnings 
and -cbrufeatibns*. ■ 

In the prefet tfie ‘fprihg and fummer had ' been 

in general remarkably , ^ the wind 

varying from North-wefi by Weft to South-eaft by South; 
the latter of which commonly brought 'raiiii During 
the latter end of the month*of May, and part of June; 
the weather was exceedingly dll'; and .very 

'fiefiroyed 
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deftroyed moft of the early fruit; particularly one in the 
middle of June was fo fevere as to kill v/holc fields of 
potatoes ; an inftance fcarcely ever known at that feafoii. 
Ill July the ground was refreftied fora fortnight with 
frequent and plentiful fhowers, fucpeeded by about an 
equal period of dry and warm weather. I'hroiighout 
mod: of the month of Auguft the rains were violent and 
the air cold. Vegetation was backward, and all kinds of 
fruit crude and infipid. On the fifth -of September the 
weather became warm and ferene, and continued fo with 
an Eafterly wind, except on the ninth, when feme 
Ihowers fell, till the day of the earthquake, and for fome 
days after. Vegetation now became more quick. An 
electrical machine worked with uncommon vigour the 
day before the earthquake; but was obferved to aCt as 
weakly two days earlier. During the fiimmer Ido not 
recollect above two thunder-^ftorms ; nor was the aurora 
borealis by any means frequent. A fire-ball was ob- 
ferved about two months before; and a water-fpout fell 
on the 23d of July, near Huddersfield, in the Weft- 
riding of Yorkfhire, which did confiderable damage to 
the country'"'^. ' ■ ' . . ' 

^ The, 

It is Father BtccA.».iA'S a. thunder-ftorm the, clopds-' 

fctw a» conductors to coavey thd deftriC fliiid from thofe places of the earth 

i yO giz,;: ' :c, ; \ '‘•■'''which 
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The morning on which the earthquake happened was 
clear and fcrene. The air was fo far from being fultry,, 
that fome perfons who rode out early in the morning 
complained of the coldnefs of it. The wind was Eaffcerly. 
At the inftant of the fliock it is faid to have veered to the 
Weft, and to have immediately returned to its former 
ftation. My barometer had rifen in the night. When I 
obferved it, about fifteen minutes after the earthquake, 
it flood at thirty indies, and it continued to rife ail the 
day. One gentleman, who had marked the height of 
the quickfih^er in his barometer that morning, obferved 
that it had fallen a few lines at the fliock, but it foon rofe 
again to- the fame place. The thermometer at noon ftood: 
at- 63°. 

No cloud, except a few fcattered white ones, fuch as 
our atmofphere is feldora free from, was obfervable 
either before, or after the conclufion, and no rain was 
hither on that or feveral following days* 

which are overloaded "witb k to which are cxhaufted of it. In the fam- 
raer of the prefent year,:.; gptithern, counties V;?ere 'deluged with rain,, 

this part of the of' k. And aftertvards, while 

long continued heavy rains hn||Bded 'the ripfehing of the corn, and threatened' 
deftruftion .to the harveftin tliis coithtry, I am , informed, that the counties in. 
the neighbourhood of London enjoyed a clear fky and fine- weather. I am ig- 
norant what was thctftate of the atmdlphejre. in the South in the month of Sep— 
■teinberi. ' ' " • ■ «. ■ 
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On the 20th, 2 1 ft, and 2 2d of September much rain 
fell, attended with thunder and lightning. The ftorm 
was particularly violent on the 21ft in the neighbour- 
hood of Rochdale, twelve miles from hence ; and early 
on the morning of the 2 2d the whole hemifphere ap- 
peared, from this place, to be involved in one general 
blaze. 

Should this account appear to you fufhciently intereft- 
ing to be communicated to the Royal Society, I ffiall be 
obliged to you if you will introduce it when they meet. I 
have given a plain but authentic narrative of fadts, and. 
have avoided drawing any inferences from them, con- 
fcious of my own inability to inveftigate fo obfcure antli 
intricate a fubjeJtft.. 
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'XV. Sundry Papers relaiwe to an Accident from Light- 
ening ^?^P.urfleet, May 15 , 1777- 


j.. A Letter from Mr. Boddington, Secretary to the Board 
of Ordnance^ to Dr. Horfley, Sec. R. S. with Skx)o En- 
-clofures from Mr. Nickfon, Store-keeper at Purfleet, 
giving an Account of the Accident. 

T o D R. H O R S L E Y, S E C. R. S. 

. „ * « Oiicc of Ordnance, 

« May 31, 1777, 

Tam directed t»y the lieutenant-general and the reft of 
■*“ tlie principal officers of the Ordnance, to tranfmit to 
you the copies of the reports and plan received from 
Purfleet, on occafion of fome damage done by lightning; 
which reports and plan they defire you will pleafe to lay 
before the Royal Society. ; 

I am, See. 

JOHISr BODDINGTON. 

TO 
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TO SIR CHARLES FREDERICK, :RNT. OF THE BATH.- 

Pur fleet, 

HONOURABLE SIRj, May i6, 1777* 

♦ 

YESTERDAY afternoon we Rad much rain and? 
diftant thunder; hut- at fix a very heavy cloud, in paffing... 
over the houfe, prefented us with part of its contents,, 
which ftruck the North-eaft corner of the houfe on onu 
of the cramps that held the copeing, hones together, 
forced off about a fquare foot of that hone and one brick, 
and has difplaced about a cube footof brick-^ork underr 
neath. It has not been yet difcovered that any of the 
condudtors have adled during the paffage ;of that cloud, 
although the flafli and report were both very great. One 
of my fervants was out of doors by the coach-houfe at 
the fame time,, and narrowly efcaped falling by the 
ftrength of the flafh : the others were in the houfe, but 
were much frightened., My fon fays, that there is a dent 
in the cramp, on. which the lightning, fell, and I intend 
to preferve it as a curioli|y.. If the conductor on the 

houfe has a6ted, it is irnperceptible as I thformed. h 
thought this account would be accejitable to you from,., 

Honourable fir, 8cc. 

: : . .. . EDWARD NIG^Sf|f^ 
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'TO THE RIGHT ' HONOURABLE , LORD AMHERST^ LIEU"- 

TENANT-GENERAL OF HIS MAJESTY’S ORDNANCE, SCC. 


MY LORD, 


O.HC.. uf Onlnarxcj, 
rurflccf^ xvlay zo^ ill 7* 


IN obedience to your lordfliip’s commantis of the 


19th inftarit, directing me to report coiicciTingt’ne acci- 
dent that happened to the Board’s hcmfe by ligh: nicig on 
the T 5th, I beg leave to acdnaint your lordlhip, that on 
that day there had been much rain and dih-nrc ihiifuler; 
but, about fix o’clock in the afternoon, a \cry heavy 
cloud hung over the houfe for fome time, which I lo(;ked 
at from the back-parlour window, and it being (]uitc 
calm, made me fufpedt, that fome of our contludors 
might find employment from it. I had not been long at 
the window before a violent flafli of lightning and clap 
of thunder came together ; and, as foon as the rain would 
permit any body to move about, one of the labourers 
brought me fome pieces of ftone and a brick, which 
were ftruck off from the cop dng on the parapet -wall of 
the building from the North-eaft corner. On my foil’s 
coming home, I defired him to go and view the top of 
the houfe. On his return he told me, that the lightning 
had ftruck one of the cramps that hold the copeing toge- 
ther, and had made a dent in the lead of the cramp, and 
■a . . ^ '' ■ the' 








■jimx:'T'2oa 
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the ftone adjoining to it, as if flruck. by a miifqiiel-ba]!; 
that the quantity of ftone thrown down might amount 
to about a fquare foot; and that it had difturbcd about a 
cube foot of brick-work underneath : and, according to 
your lordiliip’s commands, the diftance from the point 
of the condutftor on the houfe to the part ftruck has 
been meafured by him this day, and amounts to forty-fix 
feet. 

All the,condu(ftors at this place are pointed, and it has 
not yet been' difcovered that any of them have aded 
on this occafion. 

If your lordftiip fhould want any farther explanation, 
my fon waits on you with a fmall drawing of the eleva* 
tion of the Eaft-front of the houfe, and of the part 
. ftruck, which I hope will be fatisfadory to your lordfhip 
and to the honourable board. 

I am, See. ' 

EDWARD NIGKSON. 








f » ^ .4 j 
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a. ‘fbe Report of the Committee appointed by the Royal 
Society, for examining the EffeB of Lightning, May 1 5 , 
on the Parapet-^eillaf the Houfe of the Board of 
Ordmnce, at Purfleet in 


THE .iron cramp on which the lightning fell WaS 
fceinfented iiito the copeing Adhes thfe parapet-wall, 
near the North- eali: coT^herj %lth lead : ahd Oii thkt lead* 
at one end of the cramp, there appeared to have been a 
fthall ftifedh ; ’th^ end of the lead> and part of the adjoin- 
tftg -feohej beihg iMehted aboht half an ihGh'In diameterj 
Mid a qdarter Of ah inch deep, as though a mufquet-hall 
had been fired againft thein. 

The iron cramp was fituated over a plMO Of lead, and: 
the ends of it, which were inferted in the ffcone, came 
within feven inches of that plate, which communicated 
.with’diyg&CT;' ’Mved'-as a fillet "'to it :"thia. gutter 
was a part of the main conductor of the building. 

When the lightning had quitted the iron cramp, and 
had parted through feven inches of rtone, brick, and 
mortar, it fell upon the corner of the plate of lead above- 
mentioned, as appeared by the fufiOn Of a vet^ fmall 
portion of it difcovere&%'pUlMhghht'ii&S#^ 

4 tar. 
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tar, &c, on purpofe to examine into this particular, 
From this place no farther effed of the lightning could 
he traced; the metallic condudors to the earth having 
effedually performed their oj 9 B.ce, At the diftance of 
feven feet and an half from the place ftricken, a large 
leaden pipe went down from the gutter to a cittern of 
water in the yard. 

. The rain, Mr. nickson informed us, had fallen plen- 
tifully for fomo time before the ftroke; fo that t-he mor- 
tar, bricks, did probably form an imperfed CQU- 
duddr for the dift^npe of fey;ep. inches between the 
jcramp in the eopeing ftones and the filleting of lead 
ahoye-mentioned. 

At the termination of the iron cramp in the oopeing 
ftone, a piece of the ftone, with one brick, was ftricken 
off; and a few other bricks were loofened, and removed 
lefsthanlxalf an inch from their places. The damage 
done to the parapet of the building is fo inconfiderable, 
that it would fcarce deferve notice, was it not an evident 
proof that the metaUic cornmunicafion with the 
hath, in this cafe, effedually prevented any farther injury . 

. the ridge, near the center of 

the houfey ihetvi^ no w having been affeded 

by the lightning in this e^;: and it ^ remarkable, that 
of Phe ojf.thesblp^ftm, four inches auda 
H h a ' ' ’ ■ ^ ^haif. 
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• _ . ^ 
half in diameter, covered with lead (communicating with 

the gutter) and reaching within twenty-eight inches of 

the place ftricken, feems not to have been at all affedted. 

The method we would recommend of preventing 
limilar accidents to the parapet of this building for the 
future is the following. Let a channel of the fame fize 
with the cramps be made from cramp to cramp in the 
copeing ftones, quite round the building : let this chan- 
nel be filled with lead, and let a metallic communication 
by plates about fix inches broad be made from that lead 
in four places (one at each fide or corner of the parapet) 
to the filleting of lead which is in contadl with the gut- 
ter, which gutter is part of the main conductor to the 
building. 

W, HENLY. 

tL lane. 

E,. NAIRNE. 
J.ELANTA* 


June 19, 1777. 

", "V ■ f i J 
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3. Mr. WILSON’S Dijfent from the, above report. 

WHEN this important fubje< 3 ; was Erft debated in 
the Parfleet committee of 1772, a palliige was quoted 
from Dr. franklin’s philofophical imblitations, refpedt- 
ing the nature of fuch buildings as were fecure from at- 
tacks by lightning. 

The palTage alluded to is this : “ Buildings that have 
their roofs covered with lead or other metal, and fpouts 
of metal continued from the roof into the ground to 
‘‘ carry off the water, are never hurt by lightning; as, 
whenever it falls on fuch a building, it paffes in the 
^‘.ip^etals, and not in the walls.” franklin’s Exp. 
P-48i. 

With this idea the building at Purfieet,. called the 
Bpardrhoufe, -was confidered by that committee to be in 
a lirpilar lituation, and confequently fecure from fuch 
attacl^, without having any other conductors than the 
leaden gpj|terSi,,p|peSj^ 

.coipmittee , then., prefept' 
fejemed tp be fu^^ latisfied with that determinalxoip^,. I 
.ppopofed that the .paagazines thppofelyesi fhQtdd he put 

.there would.ap- 


into the fame 
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pear to be an inconfiftency in the different methods of 

.feciiring tliofe bniidings. 

My argument had no other cffca than to occadon, at 
the next meeting ot the committee} a refolution foi fix*- 
ing pointed conductors to all the buildings. 

From this refolution 1 dhfentedj and gave in writing 
my reafons at large for differing in opinion, which aie 

printed in your Tranfadions. 

What has been the confequence fiiice the condudors 
were put up ? 

Behold 1 this very Board-hotife, which was never at- 
tacked before by lightning, hath very lately been ftruck, 
.and that within a few inches of the condudor; con- 
trary to Dr. FRAUJKLixr’s aifertion, which pofitively fays, 
that in fudi circumftances the lightning ‘paffes in the 
iinetals, and not in the walls. 

We may refine in our reafoning upon the philofophy 
hf this event as much as we pleafe ; but let me tell you, 
.gentlemm^ 'there is fid of the fads whkh, 

according to my judgement, aj^eaxs to be truly alarm- 
ing. .And as, I apprehend, the reputation of this learned 
Society is greatly contemed therein, we cm^t imme- 
-diately to avail otufeMs of iyarning, 

;and reject an appar^us which threatens to every hotk 
wKithibme'tihha|>py . .Iv 
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It is with very great concern, that I am obliged toj 
take notice, in this Society, of a hoiife, which is of the ■ 
firfl: confequence in this kingdom, that hath pointed con- 
du<ffors alfo fixed upon it : I mean the KING’S^ our mofl 
gracious Patron and Benefa6tor’s. Who were, the advifers 
of them I know not; but as they are there, J thought it; 
my duty to mention them. 

In confidering the propriety of pointed; condudfors, IJ 
think it necelfary toobferve, that increafing the number. ^ 
of them in any given fpace does not by any rneans^ in 
my opinion, lefTen the rifque of accidents by lightning ; ; 
but on the contrary (at leaft in many cafes) a greater - 
number of. fuch; condudlors will neceffarily invite a. 
larger quantity of. lightning. At Purfleet there are fe- 
veral of thofe conductors ; : and by the ftorekeeper’s letter. 

. fent to the Board of Ordnance, which was lately read be- 
fore usj it appears, that hehimfelf ohref Ved a very heavy ■ 
cloud hanging, over the houfe for. fome time before the 
ftroke happened. , 

^gcording to Dr^ franklin’s idea, this event ought 
nevef’to have ha3p|tened;.becaufe he fays, that pointed i 
conductors ii^iU draw' kh the lightning oiit of the cldiMsys 


ahd’ carry ' it aWay ■ ihtd the earth iilently . ' ■ 

''=iliis phil(hb']^y'l''hev any; 'fhith In, uhlefs' the:.; 

".qtiahfity'of clcn^s’happpi4^? 
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be very little, and incapable of producing any fatal con- 

fcqucnces. 

I have now only to add, that I did not propofe to have 
troubled this Society any more, had I not thought, upon 
this great occafion, it was my duty to hand forth, and 
give my opinion againft the prefent report ; as I know of 
no poliible advantage to be derived from fuch con- 
du<5lors; atleaft none that are confiftent with truephi- 
lofophy, and a fincere regard to the welfare of fociety. 

June 19, 1777. E. WILSON. 


4. A Leiter from the Board of Ordnance to Sir John 
Pringle, Bart. P. R. S. enclojing a Letter from Mr, 
Wilfon to HIS MAJESTY, and an Account of his Expert^ 
ments on the Nature and UJe of ConduBors, 

TO SIR JOHN PRINGLE, BART. P. R. S. 

^ I , 06^1 

' o ft" O05ce of Orclftancci 

^ ^ 18, 1777* 

i ^ 1 

MR. WILSON haying laid before this Board a copy of 

f ,( 

the report made by hiih to His Majefty upon fome expe- 
riments in confequence of the acpident by lightning, in 
May laft, to one of the buildings belon^ttg tO the royal 

* ^ ^ /u. L> ' ^ 

magazine of gun -powder at Purfleet: 

We 
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VsQ beg leave to tranfrait to you a copy thereof, to be 
laid before the Royal Society | and, at the fame time, wc 
defire the favour of their inftianSlious, if any thing more 
can be done, in order to the prefervation of his Majefty's 
magazines. 

We are. See. 


AMHERST. 

CHARLES FREDERICK. 
CHA®. COCKS. 


TO THE KING. 


SIR, 

YOUR MAJESTT, ill conlequence of the accident 
from lightning that happened to one of the buildings at 
Purfleet in May laft, having been gracioufly pleafeeji ta 
intimate the ^ro*|ijiety Of making fome farther experi- 
ments, to jtfij^faih thtilieft, method of preventing fuch 
accidents for the future ; and having alfo condefeended 
to be prefent at the exhibitioh of thofe experiments at the 



F anthem \ 

VoL. Lxvm. 


ire: 


■ ,4 1 h i I 
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this faithful and circumftantial account of what was 
there attempted, together with fome obfervations there- 
upon, as an humble teftimony of my duty and gratitude 
for the great honour conferred upon me. 

How far I inay have fucceeded in thefe my zealous 
endeavours to afcertain the moft proper confti'udtjon for 
cohdudtors is, with the greateft deference, fubmitted to 
YOUR. MAJESTY and the public. And whatever confe- 
quences may be derived from thefe experiments, I am 
happy in the thought of having done every thing in my 
power, with the utmoft candour and impartiality, to in- 
veftigate truth, in a queftion of real advantage to fcience, 
inch importance to the ]f>ublic, as feems, in my 
opinion, worthy the attention of the ableft’phi- 
iolbpers. ■. ■ ; 

, I am,: , ; 



'1^ ' 'V ^ 











W4ESON. 
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New Experiments and Obfervations on the Nature and life 
of ConduBorSy by benjamin wilson, F, R. S. of the 
Imperial Academy of Sciences at Petei'fbiirg, of the 
Royal Society at Upfal, and of the Academy of Injiitutes 
at Bologna. 


T HE experiments I propofe to give an account of in 
this paper^ were made in confeqiience of the accident 
from lightning, which happened to one of the buildings 
belonging to“ his Majefty’s magazine of gun-powder at 
Purfleet, on the 15 th of May laft. 

Soon after that event, an official and particular ac- 


count having been fent by the Board of Ordnance to the 
Royal Society, a committee of the rnembers yras imihe 
diately appointed, to examine the damage done' to thaf 
building, and afterwards to friakO a report of the fame. 
When that report was laid before the Society, I 
thought it my duty, in particular, to ftand forth, and 
offer fOttie nbjeftions to the ufing pcdiited cbndu£toifs at 
Purfleet,' or ihdfeed^ahy where elfe. 


This public prbeeirfing was, I apprehended, the more 
nectary, as I the yq^ 
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the committee, who had recommended fliaip- pointed 
condu(5tors for that magazine, to be fixed ten feet highei 
than the refpeai VC buildings. 

But notwithftanding I had read the paper alluded to 
above, 1 did not apprehend that my duty was hilly dil- 
charged, without trying other methods ot having fo 
ferious and interefting a fubjech farther inquired into.' 

I had the fatisfadtion, foon after, to meet with fuffi- 
cient encouragement to induce me to confidei of ibme 
experiments, which might make the fubjcdl in difpute 
more intelligible. 

The plan I conceived to be the moft proper for this 
purpofe, was to have a fceiie reprefented by art, as nearly 
‘ firnilar as might be, to that which was fo lately exhibited 
"at Purfieet by nature. 

To carry a defign of that kind into execution, it was 
necelfary that attention flioukl be given to the feveral 
; ; circ^ptftances concerned in the event at Piirfleet. 

Thie'mofl: material of thofe circumftances I appre- 
hended "to in having a fuhftitute for z thunder- 

cloud, as it is yiii^llyxalled, and large enough, or Suf- 
ficiently long, to admit of -being charged with a eonfi- 
derable quantity of the mitten Of lightning by artificial 
means;’ and likewife, that ^b|hfute4hnuld admit of 

being ei^fily moy^d, and mth[%^^yel09ity, the experi- 
- ^ 'nient 
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merit required; or, at leaft, fo as to equal the motion of 
a thimder/rdoud. 

An apparatus fufficiently large for thefe piirpofes 
could not conveniently be put in motion : therefore I 
propofed to get rid of this difficulty, by moving the 
building itfelf, inftead of the fubftitute ; as that would 
anfwer the fame end. 

■ In order to obtain a confiderable charge of artificial- 
lightning, I propofed to have one great cylinder covered 
with tin-foil^ and a wire joined to one end of it, that 
fliould, when extended properly, confift of feveral hun- 
dred yards. • 

This idea leading to an expence too confiderable for 
an individual, I prefumed to hope for other affiftance. 

„ Upon an humble reprefentation of thefe matters, his 
Majefty, who is always difpofed to promote every piir- 
fuit which tends to.the adyancement bf fciehce arid the 


good of the public, moft graciOufly condefcended to en- 
courage the undertaking; and, by the favour of the 
rigljit honorable and honorable Board of Ordnahce, B 
wasdmffieffiately , enable carry the intended plan into 


execution.-* 


• ,t^ry ffion, aii&i''lh,|s';chct^ragement, 
re^ drawings , of the ^bulldin^ called; Boafd-houfe at* 
Purfleet : from theCe ^-ceptipg : 
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the windows and doors, which were omitted, becaufe 

they were immaterial upon this particular occalion. 

In this model, a ftridt attention was paid to thofe parts 
of the building where rnetal had been introduced ; fuch 
as the hips and gutters of the ruof, and the feveral fpouts 
to carry off the water. And as the North-eaft corner of 
the houfe was the part that fufFered by lightning in May 
laft, particular attention was paid tq the two cramps at 
that corner, and the two fpouts on the North fide. Thefe 
cramps, in the niodql, were made of fmall wire, that bore 
nearly an exadt proportion to thofe in the building itfelf j 
not only in regard to length and thicknefs, but alfo their 
diftapce from each other, and from the turning up of 
the lead appertaining to the gutter. 

The two fpouts were reprefented each by a thick wire, 
the fhoiter of which communicated (at the bottom) with 
a. ciftern. This ciftern refting upon two wooden pillars, 
0 |r Ippfisr about one foot and a half in length at PurEeet, 
the faJhe drcumftances and proportions were attended 
to, and ib^^jtp-eorrefpond exadlly in the modeli. 

The ot^r^Wir^,i3j^cpu;for)iiity to, and nearly,, in-pro)-'' 
portion with,'' tire:' Board-houfe^ de-,..:;.; 
Tcending from '%a|5(P^,feve|i inches, .was''" 

there,, bent almoft at righjt continued orf c 

for^ twelve inches and. in- ^ line, nearly 

horizontal,: , 
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horizontal, till it reached within two inches (or little 
more) of the fliort wire : after which it was bent again 
almoft at a right angle, and then lengthened out to the 
bottom of the model, from whence it communicated, by 
another wire, with a pump or well, in another part of 
the houfe. 

TMs kind of communication was necelTary, becaufe, 
confifting of metal, it, in that refpe6t, was firailar to the. 
communication at Purfleet. 


Befides the two cramps mentioned above, another pa- 
rapet was made to put on occafionally, which contained alii 
the cramps : thefe were properly fixed therein, and at their 
proper diftances from each other. And the Royal Society 
having thought proper, fince the accident, to order’ that- 
^ metallic communication fhould be made between the* 
jcramps* upon the parapet, quite round the building, ais a*, 
petter fecurity from fudh accidents for the future, care* 

I vas taken, to make a -fimilar connedtion with the wire 
ramps, by means of fmall flips of tin-foil that were* 
)afl:ed upOn the' parapet of this model. 

Onthe't©|f©fithb;i|:t)&f’m the middle, 
lifereiitlefi^te fthd tfeMIhfetions-werd oe<^oh'illypfiti' 
uli: as> the. experiments required. 

tihii .mfedel’''#tis made, when! 
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compared witli the houlb, was oue^third of an ixich to a 

foot. 


In regard to the vrood of which the model was made, 

I took care that it was well baked,, and foaked, whilft hot, 
in drying oil, before the feveral parts were joined toge- 
ther, that it might be the more fimilar to the bricks and 
other materials of the building itfclf, in the pow'erof ix- 
fifting the paflage of the fluid, whenever any attack 
thereof fliould be made. For brick, ftone, dry lime, Sec. 
had been obferved many years ago by Mr. delaval and 
others to refift the paflage of this fluid very confi- 
derably. ■ 

In order to move this model with the velocity re- 
quired, it was' neceffary to have a frame of wood, of fuch 
a length as would fuffer the model, with the pointed . 
condudfor upon it, to be out of the reach or influence 
of the charge contained in the cylinder, both at its fet- 
ting;, off, and when it had arrived at the end of its 

. jou'rhe,y.|i.:-t.b'‘- /'■ '• 'h,'' ■ 

To :pofl:s xf .wood, ten feet,' 

'and ^ a ' half, long, i^e. .at.,tlie . farther end, , and at; a ' 
diftance :af'the": 

, frame. ‘ • Upon,' the hip in the .Middle', . 

between them, were- fixed,,.' t^;.'vyhee|s • different .dia-"''' " 
meters upon the fame axis. -The larger took the line 

' ■ ' •,,.7,,. i,.;f hat 'i' 
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that %^'as propofed to draw the model, and the lelTer 
another line fufperiding two weights which regulated 
its motion. For after the heavier weight had defcended 
fo far as to bring the model direflly under the fubftitute, 
it was then checked ; but the lefier weight continuing to 
defcendy the model moved forward with its acquired ve- 
locity, joined to the power of the lelTcr weight. And 
that the remaining motion might at laft be overcome, 
without ftriking againft the two polls, fome narrow flips 
of cloth feven feet long, were nailed upon the frame, 
in- thofe parts over which the model was to pafs be- 
fore it reached the end. This model moved like a fledge, 
by means of two flips of wood that were fixed at the 
bottom', which ran in two grooves that were cut along 
the frame from end to end. And the line which drew 
the model along, was fixed very near the center of re- 
fiffeifiefe ’ . • . a ' 

* To confiracQ: the fubffcittite for a cloud, I firft joined 
together, in fifteen lengths, the broad rims of one hitn- 
dred«ath# l?#enty drums (merely to have them portable) 

eut. into long flips, which were fixed 

on tliein#a^^«M#l^’httt|ias^thofe drhmb 
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cohered with, tin-foil,, excepting, eight; for thefe being: 
brafs, required to be covered only at their joinings. All 
thefe drums together formed a cylinder above one hun- 
dred and. fifty-five feet in length, and above fixteen 
inches in diameter. 

The whole cylinder was made in four feparate parts ; 
three of thofe parts could eafily be made to communi- 
cate, or not,, with each other: the fourth, being brafs, 
was referved for a different purpofe. The feveral ends, 
of thofe four parts were clofed up with board, rounded 
off at the edges in every part, and covered with tin-foil 

lihey^iCe*' 

This great cylinder (confifting of the three parts) was- 
fufpended about five or fix feet from the floor by filk 
lines f and formed a itury^ room, fomething like 

anhorfe-£hoe; Gne end of which hung over the middle of 
the long frame, on which the model was propofed to- 
move 5 the Other (which I Gall the farther e^ 
occaliohajly to the end of a long wire, that Was fufpended 
through the Whole fpace of i the room. And left the Se- 
veral atmolpheres round this wire, in its charged ffate, 
might, in confequence of the unavoidable returns of the: 
wire, interfere too much with each others, # was fufi* 
pended in fuch a manner, (hy; fijk !lmes.alt)) ;ths^t each 
length was five or'^fix feetfoomkhs 

that were fufpended nearefi: to the gr<^a^ 
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the fame diftance from it. The remote end of this long 
wire hooked on occafionally at the end of the brafs drums, 
which made a feparate cylinder (the fourth part alluded 
to above) about ten feet in length : this was fufpended 
like wife by filk lines, and about fix feet from the floor; 
but in fuch a manner, that the fartheft end thereof from 
the wire was within nine or ten feet of the great 
cylinder. 

The long wdre with the great cylinder and brafs drams 
made the whole of the fubftitute for a thunder-cloud, 
when they were properly charged. 

The machine, employed to charge this apparatus, con- 
fifted at firfl; of two large glafs cylinders that were turned 
by one wheel. But as the fricSlion arifing from the two 
together rendered it difficult to work them, and the ad- 
vantage gained from both in the charge itfelf Was; found 
to be not fo confiderablehs might* teaibnably be expedted, 
one of them only was made ufe of in the following ex- 
periments. The place where this machine charged the 
gr^rcyliiideri was about ten or eleven feet from its 
neateft ‘It found expedient to be*prpvid©d alfo 
with anoth^ machffie ; but thii was employed only upon 
particular occafious,' hnd Was generally placed at the far- 


ther end of the great cflindet»^?^' 'i."-* \nv, • 

'■ The floor of the'-roi^'ife^ug'tlf bs^d ww 
ttec^ary to have Wires prbj^fly 'Cunn©6ted‘ W 


kf' 




cmhions 
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culliions of both machines along the floor, where they 
w’ere joined to another wire, which communicated with 
the well, in order to conduit the fluid more readily than 
the baked wood admitted of. 

The whole of this apparatus, fo contrived, was dif- 
pofed in the great room of the Pantheon-, by the favour 
of the proprietors, who, having heard that a large apart- 
ment was wanted, in which to fhew before the Bdard- of 
Ordnance and the Royal Society thefe experiments, were 
pleafed to honour me with a very polite letter, offering 
the ufe of that elegant building for the piu’pofes in- 
tended. 

EXP. S. The model, with a pointed conduilor upon it 
(which,' in a degree of fharpnefs, was nearly equal to 
that of a common darning needle) being placed diredtty 
under the nearer ’end of the ' gre^^^ fo that the 

diftahee'' between' ■ the poirtt^r bf ■- -.'the ■ ■ cohdudior and cy- 
linder tittle ’ more" thait i..#ohr ■ inches^,' the ::macfeiiie 

was tlieii' ihtb''m0tioni''' 'After^twoturnshf fhe'whei'h 

or therbabotits^ a' ■ frMlf 'ftp "ah , 
interval, bettyeeh=‘the top wiifch ' 

reprefentecitheAehhffbht,''*^ UilMelitMernftieit m 

pofely' interrupted'; ' '.This\ifla^aar«©i»l^ 
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thougli the model was moved along the frame from its 
fixed ftation to more than the distance of forty-three 
inches. 

EXP. II. When a condudlor of the fame length with 
the former, but rounded at the end, and no more than 
three -tenths of an inch in diameter, was put in the place 
of the pointed one, every other circumftance continuing 
the fame, the fmail ftream of light appeared again ; but 
upon moving the model a little beyond the dift^nce of . 
fixteen inches, it totally difappeared. • . 

FiRSn OBSERVATION. By the fii'ft experiment it was 
manifeft, that the point adted upon the charge all the ■ 
time the: raodol was moving through a fpace equal to 
forty -three inches; and confequently was, all that time,, 
dimirihhing the charge in the great cylinder* On the 
otheT handy the feeond; ©xperiment flaevsredy . that 'the ; 
-r©tttded''end adted>'u|l^'«SP'»A'aS^?c^l-y4#yi&‘-^^ 
del moved thrmigfe4;l|)kee:‘eqU2fl-tb And 

fmm the two experiments -compared, it appears^ that a: 
eha%ed^lWo#''':is ;€lcha^'fl:ed:'.of^.more 'of *the; ftuid":lbf5iE..a 
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.as before, the charge contained therein produced no np- 

pearancc of light whatfoevcr, 

EXP. IV. Blit when a pointed conductor of the fame 
length with the laft was put in its place, the fmall ft team 
•of light appeared, and continued vifible all the time the 
model was moved through a fpace equal to eighteen 
inches and a half. 

' SECOND OBSERVATION. Thefc laft experiments, com- 
pared with the former two, fliow that a rounded lon- 
ducftor, little more than one foot and a half above the 
higheft part of a building, receives a far lefs quantity of 
-thf rpatter of lightning from a cloud fully charged there- 
.^yjith, than a pointed conductor placed ten feet above a 
'huilding, Gircumftanced alike in every other refpea. 
Nayi a poin|od?c^ fame length with the 

ftiort one that- was fouf!^0#jiappear^ experi- 

ments.,; to collea a grew qhlhtity of the ftuid, than 

. ev,en the^ long, .cpndi»ft©ii,Wi%^^^?toimde^^ ■ ' ' ' 

'Tbo difficiTilty of' meafiMing'©3£,a(ftly the ;ofFe«fts, when 
the;^greafoyi|ndor-.was>i^hi^^#ir,wa'8v^^ great* that^ after a. 
variety ■' of ^endea.V;©urB-'; 4 by;,a^fe^ ■quantity",, of:" the 

charge re m a iuiib^ *t,w^©h' , terminations, andidif^ 
ferent lengths of ^ employed, I was 

certain as it is, in many cafes, to determine different 

'..effe^ 
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e£Fe6ts occafioned by the interpofition of thefe diiFerent 
terminations. 

EXP. V. On repeating the firft experiment (that is, 
with the long pointed conductor upon the model) with 
teii turns of the wheel only, the charge remaining in the 
great cylinder was immediately received on the hand;, 
the fenfation it occalioned was little more than, percep- 
tible. 

.. EXP. VI. But upon repeating the feeond experiment 
(that is with the long roundedcondudor upon the model).; 
with ten turns of the wheel alfo, the charge remaining, 
was taken; but the fenfation in this cafe was increafed-. 


conliderably.. 

EXP.. VII. When the third experiment was- repeated; 
(that is with a rounded condudor five times fiiortertham 
the laft) and with’ the feme number of turns, the fenfa^« 
tion waS'rbbferved fti3Ch''me-- : 

tallic interpofition had been prefented to it.; 

EXP. VI II . Upon repeating the fourth experiment (that 
is> with theipointed condudor e<|ual inyfength to th#;in* 
thed^;.exs?«iiinent)*nd wheel., 

alfp, the fenfeticttifc.was npt> near foiconfiderable;* for it 
Teamed, fpmet]i|ipg..■kf8^^.‘^aavw was .'experienced withu 
the 



''I ; 
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THIRD OBSERVATION. The feveral efFetfts obferved in 

•1 

the four laft experiments agreeing fo exadily with tl^ofe 
in the four firft, prove, at leaft fo far, that rounded ends, 
in thefe cafes, received the fluid Icfs readily, and in iefs 
quantity, than points. 

But, before other experiments are related, it may be 
proper to take notice of what pafled at the fiiort fpoiit 
upon the model during the making of the four firft ex- 
periments; becaufe the confequences to be drawn from 
thence are 'very materiak , ' 

EXP. IX- ip.' the firft experiment (when the long 
pointed Conductor was put upon the model j and whilft 
the wheel was turning) a very fmall fpark. might be 
tikbn from the fhort fpoutfbut if the hand, or a wire, 
was applied^ with the well, and 

coirtinued in :conta^l fpout, or if it was - 

coimedted with the dbjagTpouh 'the fmall ftre^ of- light 

.'feeh' before at thej'tbp%f ' -rirai ipout hoW' e^fed; ' ' ■ ^ 

' EtPv'’'‘X.'''Bht<ihis the^eafe'When'fthfe- third'^ex- 

■pe#ihi€nt>%-4lii;,r©|iedtedi{^!ai+i%''''' %ith ' the- fif ort^tt>%.nded i 
condtidtor)’! 'ToEt'tifife,^4y;#to&h^Mrits'-'g'reat^“diftanee ■' 
from'the-cyiihMpy-ahdif]j^''‘iia^^fe bfdtstefi^hationydid’' 
not- draw, aTuffiicient the 'idfearge -from fhe 

great' cylihder.fif'' k\ iktS&A-' 

of light, , as in the formef 
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EXP. XI. The efFedlr, however, was different, ivhen a 
pointed conductor of the fame length as in the fourtli 
experiment was made life of; for then the fliort fpout 
was charged nearly in the fame manner as in the fir it 
experiment, and the ftreani of light at the top of the 
bent fpout difappeared the inftant a communication was 
made from the fhort fpout to the earth. 

FOUPvTH OBSERVATION. The tWO pofts of WOOcl UpOil 
the ground, which fnppoited the cifterii at the bottom of 
the fliort fpout, were therefore the true caufe of thele‘ 
effects taking place in the fliort fpout, by preventing a 
communication with the earth, and hindering- the fluid, 
that was coiiftantly charging the fliort fpout, from dif- 
charging itfelf properly into the earth. 

It may now be proper to take notice of other experi- 
ments, and alfo of two other cirGumflances that feeim to * 

. One of thefe drciimflances refpafts the motion of the 
mpkelj inftead of that of the cloud; and the other, the 
qi|akUty;a of ^ the great cylihder 

wh^pjpQperlyxharged.niJ. 


. As to the former of thefe, it.oppqtt'S* &0isi obMrva- 
ticfiip, ; that , clouds, in. 'a' j- freqite wfl y = move 

at.tipie rate of eighty « to itkaffdibuf and, with a mo- 
def^e wind, about twenty' Now when the- clppds 

( «J In the Phil. Tranf. there is a.ftorm that was conspnted to 

jiiQW {at the rate of three miles in a mihute. ' ■ ; " 

.. LXVJQH. - LI' ■, bp-;;]* 'move 
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move at the rate of four or five miles an hour, the wind 
which occafions that motion is,. I apprehend, in general, 
little more than, what is ufually faid to be fenfible: for it 
has been frequently obferved, that a traveller on liorfe- 
back muft ride with a pretty, good fpeed, to keep paee 
with the fliadow from a cloud, when it chances to move 
in the direction of his journey, even though the wind at 
fnch a time can fcarcely be faid to blow. 

Now a thunder-cloud, as it is ufually called, moves, as • 
I apprehend, in many cafes at leaf!, with a much gi eater 
velocity 5 and though there may be a few in fiances, 
where fuch clouds move with a lefs, I think, if the mo~ 
tioh df them be put, in general,, at four or. five miles an 
hour, it ought to be confidered, in this cafe, as a very 
moderate computation* For thefe reafons,.the weight to 

draw the model was 'adjufied to 4hat vel^^^ 

In regard to the quantity , of the fluid, required to 
charge,: the' great^ cylinder,-: I'-foundji':. from lUany experi- 
ments, .thaf.-twenty ■■uni£orin,...,ahd' rather --briffci'-.turns'iof : 
.the . wheel, weau" the mlofi-’^f^iciurahle' foh-the' yfollowingr 
experiments-; • becaufe -half-:a''^ ^.-turnin' twenty imade 
lefs -different: :'in-'th.e-;-GhafgiUg^^ half 'anuria of the ■ 
fame .wheel, wheuieighbhhti^nu®^'^^^^^ wereTequiredf 
and with nearlyvthe' ""I- » ^ 
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In oI)ferving this laft rule, proper allowance- was made 
for the different ffates of the air, the ffate of the glafs 
itfelf, and that of the cufhion or rubber, which excited 
the fluid by a proper preffure upon the glafs, joined to 
other circumftances. The moft material ofthefe circum- 
flances conflfted in the cufliion’s having a free communi- 
cation with the earth and glafs cylinder, in that part where 
the fiidtion was applied ; and alfo a flmilar communication 
between the great cylinder and the oppoflte fide of the 
glafs. Now, becaufe three pointed wires condudted the 
fluid readily from the glafs to the great cylinder, I ap- 
prehended it was proper to have three fuch points within 
the cufliion itfelf to conduct the fluid as readily from- the 
■earth to the glafs. For thofe points cordmunicated by a 
wire with the well. 

It will appear, that the effedls produced by this artifi- 
©f charging fftCicyMndehmuff-be; 
ferent from thofe produced in nature, 

Suppofe a thunder-cloud coming already charged, the 
lightawg from this cloud ftrikes at Purfleetf the fame 
cloudy, .paffing afterwards -over, other pia^> wiU fipke 
the earth again and again, without any ajM^renf -ditni" 
nutkiin of the quantity jff hghtning.^ as 

...vhalij., the. cafe is not the' 

:',;:ffpe:.''With,'the great acftSo^, apparatus,, becaufe 
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only charge it by degrees; but when a ftroke is talLen 
from it, tlie^reateft part of the charge by far is at that 
inftant taken out of it; and therefore we are conftantly^ 
under the necellity of renewing the charge before fiicli- 
another ftroke can be taken. 

Eefides, thimder-douds from their nature, and a va^- 
riety of circumftances accompanying them, never alTume' 
the fame fliape and fize:- neither are they alvrays at the* 
fame diftance from each other. And yet we are told,, 
that they have been obferved to ftrike from one tot 
another, at different diftances, juft as they happen at the- 
time to be circumftanced; 

V illpr all thefe reafons, I thought it was proper to make ■ 
particular experiments in different cafes j where fome of- 
the circumftances varied. And becaufe a lingle cloud, 
after it hath ftruck fometimes continues 

to difeharge vaft quantities of lightning, I propofed to 
begin the experiments with -the great cylinder only. 

Bxp.sfci. The model (furniffied with the wire of com- 
munication, and ; with thbiilopgeft^^ pointed condudlor ' 
upon it).being. properly placed upon, the long frame,’ and ‘ 
held there. in;residinefs'ro)be,.dr,3wa-fofW!a,Ed ;by' the.- line.'? 
and;, weight '.at-- the.mthen.; ehd:;..,Vlh,e:i'greali; oyimder , was^.: 
charged by.twentyhiniispfftbe|^^heel..,';.On letting go the*' 
model, and,,.almoft:..,at 'th.e;';m;fenfvbefdr!^^^^ 
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•ander the center of the cylinder, it was fuddenly ftruck 
with the matter ' of lightning, and frequently fooner. 
The lealt diftaiice of the point from the great cylinder,, 
when this ftroke happened, meaftired nearly five inches. 
The quantity of charge that remained in the cylinder: 
w^as very little to the fenfe of feeling j though taken im-- 
mediately after the ftroke happened. 

EXP. XIII. On putting into the place of the .pointed- 
coiidtidtor one of the fame lengtlq that was rounded af 
the end, and without any other change of eircumftances, ■, 
the wheel having been turned the fame number of times, > 
I- fulEFered the model to pafs : the rounded end, in this 
cafe, was not ftruck. However^ the inftant after it had 
pafled, the quantity of the charge that remained in the . 
cylmder was taken in the fame manner by the hand;; 
on the doing of which, the fenfation was more violent ' 
than dn the laft experiraent.! . - 

F4ETH OBSERVATION. From the two laft experiments ■ 
it appears, that though every circumftance was the fame, . 
excepting the different terminations of the two cqnduc- - 
torsj yetihe pototedone only was ftruck ; notwithftanding ■ 
they werie/both of? the f^tne length, and- pifled at equal i 
diftances from the cylinder, Fro)m*'^hfe:e- we’ cdlledt^ > 
that, the quantity of from the great ? 

eylitoderiintorth^^ explofion happened^H' 
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was confiderably greater than the quantity difcharged 

into the rounded end, when there was iw e.xplofion. 

At the llrft rife of a difference in opinion, refpeaing 
the proper termination and length for cqndnaors, I was 
prevailed upon by feme learned members of the Royal 
Society, in the year 1 7 64, to pubiilh my fentiments upon 
■ that fubjea. Accordingly, in a letter addrefied to the 
Marquis of Rockingham (after Rating feveral reafons 
agaiiiR the ufe of points, as I fuppofe they invited the 
lightning) I there recommended that condudors Riould 
not only be rounded at their ends, hut be made confi.- 
f derably fhortpr than thofe which Dr. franklin con- 
indeed fliould not exceed the higheft 

part of the building. 

In the following experiment, however, 1 did not place 
^the pointed condudor below, nor upon a level with, the 
■higheR part of the building, but above it, even one- 
itbird of the length of that in the twelfth and thirteenth 

EXP, lurniRied, and every 

thing elfe pu,t ex?^yi’fitolO’'idae,,'fame cireumiancea as. '.in" 
■ the ■ thirteenth;; ,ei^|ier|ipe^%'yj.;%e::: : great , ey Under ' was : 

. charged., by twenty tqi'nskQf.the wheel*.;; 'Upen lettingv.ga,^ 
the inodeljitpaCed the.,eyli|id«iatthe-‘diftaneeqf fevea 
inches, without being flwdhJ h»i the ‘charge that. 

Trane YOI. Liy. 

' . ’ ’ ’ remained. 
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femained in the cylinder at the inftant. after the model 
had paiTed it, was fo confiderable, that there appeared no 
material difference whether the model thus circum- 
flanced was fuffered to pafs or not. 

SIXTH OBSERVATION^ . This laft experiment fliews, 
that a thunder-cloud, may pafs a condudlor fo circum- 
ftanced without the latter being ftruck, or fuffering the 
leail injury; which it will not do in other circumflances, . 
that is, -when the conductor is pointed, and raifed ten 
feet above the building. . 

EXP. XV. On repeating the fourteenth experiment, ., 
but with a rounded condudlbr, which was three-fourths ; 


of the whole length of that in the twelfth experiment • 
(all other circumflances remaining the fame) and after • 
charging the cylinder by an equal number of turns, it ■ 
paffed alfo without being ftruck. . In this cafe, the re- ■ 
maining charge in the cylinder was fomething left thaii > 
in the laft experiment. ; 

SEVENTH OBSERVATION. This is a further iiiftande of 


theadvantfige derived from having rounded terrhinations . 
of a givenf’length upon a building, compared with * 
pointed ones; thtil®attf bhly two or three feet longer. . ■ 

; /Having fo farnxperienced;the';dlfferent:eflfe£t;S'pf>dif- 


' fereift' pfecediijgeXperiments,' it'may 
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ccrtaiaed, in a diiitrciit manner, by other exi^eriments. 

We are now to exainnae, whether the ftroke by 'light- 
ning, which happened at Piu'fleet, fell firft .upon the 
corner of the building where the cramps were afFedted, 
as hath been reprerented ; or whether it did not fall upon 
the point of the condii6tor itfelf ? And if it fell upon the 
point, how could it poffibly afteft thofe cramps, as they 
'fidihfh the main condudlor 

which exteiaded froih the top to the bottom of the houfe, 
'and of which the gutter below the parapet, that was 
neareft to the cramps, made a part? 

ft be remembered, that though in attempting an 
expenment of this kihdj we are provided W appa- 
ratus, greater perhaps than was ever cohftfuded before; 
yet, great as it k, it bears but a very fmall proportion to 
that which nature makes ufe of. On this account, we 
muft expert but ver^ faint appearances compared with 
thofe which are produced; by a thunderrcloudi i iBtih be- 
fore we relate thefe appearances, it may hp to 

.v-'i''. ’ '■ .'"'fee 
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fee what efFe6t the charge itfelf has upon the model, 
without any condudtor upon it. 

EXP. XVI. Upon charging the great cylinder as before, 
that is, by twenty turns of the wheel, and when the 
model, without any conductor upon it, was let go, there 
was no explohon in, or on, any part of it, during the time 
of its palling by the cylinder ; not withftanding the model 
itfelf was properly connedted with metal from the top of 
the roof to the bottom of it, and afterwards to the well. 


EXP. XVII. But when the experiment, wdth the long 
pointed condudtor upon the model, was repeated, and 
after the wheel had been turned an equal number of 
times, the point was ftruck as it paffed the cylinder; and, 
at the fame inftant alfb, a very fmall ftream-like explo- 
fion appeared between the two cramps at the corner of 
the' model, darting as it feemed from, one to the othery 
m a diredtion that was rather , partictllar,, ' 
like appearance, I apprehqndedi, was nothing more than 
the effedt of "a fmall explolion in confequence of the nio- 
tion^ of ; the modeli 


4iy’%_.who is'-wlliaequainted with« this part? of 
Ehilofophyy great ebligatieiaS'- are dw.ftom- 

me for his very friendly affi in the whole of this? 


undert^stingj havhigl 


appearance feVeral 
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times, was curious to confirm the fa6t, left the preju- 
dices of vilion, See. might poffibly deceive him. 

The method he took upon this occafion, was to ob- 
ferve an appearance of light along that hip of the roof 
w^hich was next to the corner ftruck; and whether- the 
direction of that appearance was diSerent from the di-^ 
re&ion of the other appearance he had obferyed at the 
corner between the two cramps. Thefe appearances he 
endeavoured to afeertain by means of a paper tube,- 
blacked on the infide, that was laid upon a Hand of a 
proper height, fo that, when he looked' through it^ a pin 
being ftuclc upright at tiie further end thereof,' coincided- 
wilh thh part in the model he was to examine; that is, 
^hen the model flood diredlly under the cylinder. Being 
thus chcumflanced^ and when the corner of the model- 
(during its mofion|;i^ed the the direction 

of the light along the hip next the-tcomer, and alfo be- 
^ Ihec^ the fanie thne? and' was pofitive that 
the o£ t^ light appeared to be downwai'd from 

the roof, and, as he thought, horizontal between the two- 
cramps. Thefe appearances were’ obferyed by others 
afterwards, exadlly as Mr; wyaow. had before deferibed^ 
them. ■ ■ , ■ ,;y 

EIGHTH' 'QBSERVATioN.*rv:'v^jIie fifteenth\-'.^xpei|men£» 
iliewed, that the comer etf^tlte model, where the- two 

' ; . ' cramps.. 
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cramps were inferred, paffed fafely by the charged cy- 
Jiiider, without affording even the leaft luminous effedl; 
and confequently proved, that in fuch circiimftances the 
two cramps could not poffibly be ftmck, becaufe the 
charge in the cylinder remained the fame, or very nearly 
fo, after the model had paffed, 

NINTH OBSERVATION. But in the feventeenth experi- 
ment, the pointed condudor was fixed in its place upon 


the model, juft like that at Purfleet ; when not only the 
point was ftruck, as the model paffed the cylinder; but, 
at the fame inftant, a fmall explofion was feen between 
the two cramps at the corner. That this light between 
the cramps arofe from a different caufe than what had 
been fuggefted by the fecond Purfleet committee, ap- 
peared from fome circumftances accompanying that ef- 


fed. For example, thefe cramps had no connedion with 
the gutter or fpouts next them, but were quite feparate, 
and at the diftance of fix or feven inches from any me- 
tallic communication. And it is well known to philofo- 
pherS, that lightning always paffes where it rtieets with 
the leaft|refiftance; jthey alfo know, that the leaft re* 
liftance in the pmfesi l&ftah muftvhave been the 
condudor at the to|). to the hips, ^tters, and fpouh and 
fo on to the wire at the botfcqna to the well» ’ / ' 


‘ ' ir ‘ 


; !-yy'‘ 

i --'y"" ff- '-I ■ 

” ’ S'*’ ^ 
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According to this law, the cranips themfehes, tlie% 
were not properly circunoftanced to receive the fluid as it 
paiUrd to the earth, on account of the metallic coriimuni- 
c .ition, defcribed above, being interrupted more than fix 
inches, 

A I '-Other caufe therefore was neceffary to explain the 
appeiH-ance; I mean that which is called lateral ef- 
fedl; a term lately adopted, in confequence of ah expe- 
riment I made near thirty years ago with the Leydeh 
phial (which experiment has fince been improved upon 
by Dr. priestlet) : and though a charged glafs (for 
iiich I call) the Leyden phial) is by no means fimilar to 
cylinder when charged, for reafoiis that have 
hem already publifhed'''^^; yet in the courfe of thefe ex- 
periments I apprehended the lateral effedl produced with 
the charged glafs might he confidered in feme refpe^s 
as m iilufiration of the lateral effect which had been oh* 

Blit, 010 ?: ina^rial fisua up^' atiy dtmbt- 

ful opinion that inaty !poffil^he .mtertained refpe<3:i% 
its exiftence^ other expeiimeiMs will be produced., that 
may explain tMs~|0ah:er:,i3a<^e-fatisfedtoriiy. ■ ■ ■' ■ ' 

(■^) Farther Expcrimeiits' a:^ U|X3*i ByBENjAMis' 
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Before thefe experiments are related, it is proper to 
mention a material circiimftance, which hath hitherto 
been unnoticed. 

At the time the accident happened at Purfleet, a great 
quantity of rain fell, by which the walls of the Board- 
houfe, being made very wet, were difpofed to admit 
more readily the lightning pafling upon the furface, 
though yet not fo readily as a covering of metal would 
have done. This particular circiimftance of the fain Will 
be attended to in its place. 

But firft it may be proper to fhew the effedts of a me- 
tallic communication. 

To this eiidj t covered the top of the parapet quite 
round with tki-foil; arid becaufe the copeirig projeded a . 
Iktlfe'Ol^er the paiapet, Uridef vvhich no rain could pofli-' 
bly get, I left a fmall iriteival, proportional to it>‘ lincb- 
vered with that metal. This interval was on the oppdfite 
fide of the model, which aiifwefed to the Soiith-fide of 
the building wheit the dthef ipouts were fix:ed. Then 
fibiri thaf-iriterval I pafted a broad flip of tin^ dblirii : 
to whbre having iSxed a Shall 

brafs ftaple toHook I-fadrened the otildireM 

of it to the wWe which* Wfell. At 

the fame time cafeW^' tMfefrn to ahdther Wire hi ^ 
tlleTteie' manner, lAthi Mli 
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fite fide -of the model. This wire was intended to anfwer 
{he purpofe of a fpout in the building at Purfleet towards 
the South. ■ 

Befides thefe precautions, there remained another cir- 
cumftance to he attended to, refpediing motion ; for fe- 
veral gentlemen had obferved, that clouds in a thuiider- 
ftorm are not always in motion; or at leaft not in the de- 
gree of motion which has been reprrfented in the pre- 
ceding experiment. To obviate that objedtion, I propofed 
to repeat thofe experiments when the model was at reft. 
In order to prepare the whole apparatus in the moft pro- 
per manner for this purpofe, it was neceffary to attend to 
tlie cifchmftances that are obferved in nature. 

FOf when a cloud comes ready charged, and ftrikes 
another cloud with the matter of lightning, there muft 
be a certain diftance at which that effedl muft take place; 
and this we therefore caU the gieateft, or the ftriking 
diiflahicfec f I Now, to produce fimilar effe<fts; bur artificial 
apparatus fiiufi ebnliftiof two parts at leaft, to reprefent 
fuch 'aSnot 

to exceed the diftance at which they will ftrike, 

■^vhen the largell party of fubftitute, is properly charged : 
nor muft the diftana l^tweeb ^ be lefs, for reafons 
that will appear prefchtly. ^ Aiid therefore, to make the 
experiment correlpond with,' nature, it will require fome 

, -trouble 
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trouble to adjuft this diftance between the two fubftitutes. 
Now the diftance between them will depend upon the 
quantity of the charge given, and the method to deter- 
mine that diftance may be found by removing one fub- 
ftitute from the other fo far as not to-caufe any previous 
or partial explofions before the great ftroke happens; 
and when it does happen, it muft not only ftrike between, 
the fubftitutes, but, at the fame inftant, between the re- 
mote end of the lefs. fiibftitute and the objed: oppofed: 
to it. 

EXP. xviii. To each end' of a flender fubftitute made' 
of wood, about eleven feet in length, and fomething lefs - 
than one inch in diameter, was fixed a ball of the fame 
matter. The larger of thefe meafured three inches- in 
diameter, and the lefler one inch nine-tenths. The exad 
meafure of thefe balls was attended to the more, in fome 
of the experiments, becaufe Mr. naixne has given 3 de-^- 
fcription of an apparatus in the Phil. Tranf. vol; LXIV; . 
part I. p. 87 and 88. to which this is nearly fimilar. Hav-- 
ing covered the whole of this flender fubftitute with tin-* 
foil, it was' then fuppq^d' near the cent^ a flendear 
frame of wood upon a pillai: of glafsj to adjuft it to thd' ; 
height and diftance required. The larger ball was then i 
brought within one inch and afqmaiter. (and^ ihmetimes'. 
, , :g:reater diftance) . of , 
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tenths ill diameter, that was covered with the fame metal, 
and projeaed from the center of the nearer end of the 
great cylinder by a kind of ftern made of wood, and co- 
vered with tin-foil alfo, which was fix or feven inches 
long. Being fo prepared, the model was fet upon a table, 
diredtly under the ball at the remote end of the lefs 
fubftitute, with the pointed conductor upon it: and all 
the wires were properly connected, fo. a^ to make a free 

communication between the model and the well. 


Nothing now remained but to put the machine in mo- 
tion; when, affec ^ turns of the wheel, the point upon 

at thediftanceof four inches, 
twelfth where the modehwas in 

of five, inches 
. Thi^.^^diSbreiiee of diftance in 

■;f^eace. in,, tpae..:,pa|34.,:'nf unfa- 
, V€|i^a^ie yyheya. t^- eigk|een|k;e3^,^WRt-“'^»k ^rieti. : ^ ^ 
xps. Howevefx ffn^,.tin?e^,ai;^r,^)yhen fke fiate 
of tl^air,,W 4 S,¥ej:y,f^pTl^b%^J^ei^afed laft expe- 

.ricaent, 


inches an^ npf , : ' , ' 

; : '3>Wng this fl^apdingmpom 

comrnu^|ip^^i^^^;|t^r,^ c^n|a<ft 
%yith thg. j?ointed al time 

' • the 
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the ftroke happened, when he received a blow, uncom- 
monly violent, infomuch that* he thought it exceeded 
greatly what he had ever experienced from the great 

Ip' 

cylinder only. 

EXP. XX. I now repeated the eighteenth experiment j 
and attending only to the two cramps at the corner, there 
appeared, at the inftant when, the point was ftruck, a 
fmall fpark or explolion between them : which clearly 
lliewed, that the ftream-like explofion, obferved in the 
feventeenth experiment, was only this fmall fpark ac- 
companied wdth the circumftance of the motion of the 
model. 

TENTH OBSERVATION. From wliat we have now ex- 
perienced it appears, that thunder-clouds, even at reft, 
and that ftrike each other at a given diftance with the 
matter of lightning, occafion the fame phasnomena 
nearly which'a fingle cloud produces when motion is 
introduced. 

EXP. XXI. When the diftance between the two fub- 
fhtotes was made lefs in any degree than the greateft 
ftrikihg diftance (iti proportion to its diminution the cir- 
Gumftances were finiilar to thbfe in nature) if hiade a 
cohfiderabie different ill . the efFe«fts ; becaufe the fluid 
in thefe cafes paiT^ more' freely; from the greater to tfle 
lefs fubftitute: arid the freer/it, pafled'.intb tfle. latter, 
- : hX YIII. , ' " " \ ^ ; : : ; .. i 
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the nearer they approached to be one fubftitute. So that 
bringing the two fubftitutls into contadl, occafioned the 
fame phienomena that the great cylinder did alone : that 
is, the rounded end woul#caufe an explofion at a conli- 
derable diftance; and the point little or none, notwith- 
danding it was brought almoft clofe to the fubftitute. 

EXP. XXII. But if motion in this cafe was introduced, 
during the contatSt of the two fubftitutes, the point was 
ftruck at nine inches and an half diftance from the ball. 
The motion employed upon this occafion was by the 
hand only, which held a proper ftand with the point 
upon it ; and this point communicated by a wire with 
thewehf'.v" 

EtEtTEiffTH OBSERVATION. Now the nearer the two 
fubftitntes brought together, the nearer they re- 
prefented one cloud; and, txinfequently, as hath been 
obferved before, the matter of lightniBg would pafs from 
one to the other in thefe cafes more readily, and without 
permitting & g^eat m accumulation to take place as was 
experienced in the nmeteenthexpeiimeiit, when the fe-^ 
parated fubJJitutes ftrridfc '^ the greats dihance. 

To occaJion tiich a ftoke^ h is not only necellary l» 
have an accumudiation of 'fee that accumufe 

tion muft be kept up,,as-hiw^^aiHl'Wtte^d.fe<Meniy^ 
before a flrofce.m .this, cafe 
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appeared manifeftly by the motion introduced in the 
twenty-fecoiid experiment, where the two fubllitutes 
were united: for the refiilance at a point being feeble, 
when in this experiment a point was fuddenly brought 
towards the ball at the end of the great apparatus 
in charge, the whole of that charge mud of confe- 
quence rufh towards the point in an inftant, to difchai'ge 
itfelf into the earth. This, I apprehend, was the true 
reafon why we obtained an explofion at the diftance of 

nine inches, and an half. 


Having now gone through the experiments where 
points were introduced, we fhall next relate the feveral 
experiments where other terminations wereufed. By 
method of proceeding, we lhall be able to form a 


p:uper judgement what kind of conductors are the moft 
advantageous for fecuring buildings, &:c. 

EXP. xxiii. On repeating the eighteenth experiment, 
but with a rounded condiKSor upon the model, every 
other circumftance continuing the fame, and the model 
at irefti the greateft diftance at which it was ftruck (in 


taci'Ch'.e]^ven turns) -was' not more^vi^an 


if we 
was 


' „ ’ ’ .. 1'^', ",m'v ' , 'l',"’ 

e 'this; 'diftan#. "that at'which 
ih th§ ei^htee^n e^apgsiihient, tl» 
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But this and the eighteenth experiment were repeated 
many times afterwards, for many days together, and 
when the ftate of the air at each trial was very different; 
on which accounts the refults of thofe experiments var. 
tied as follows.. 


Sharp point, 
inches. 




Rounded end. 

I of an inch*. 

' o , 


T 

8 - 

Jl. 

aT. 

i 

2 o’ 


Ihimudiately after relating the nineteenth experiment,, 
mention was made of the feiifation or blow that was re;- 
eeived by a perfbn who had brought his finger into con- 
tact with the pointed conductor at the time the ftroke 
happened. The expeiiment was repeated here with the 
rounded end; but the fbnfation or blow received (-as Weff. 
as the explbfion) was coiifiderably weaker in this Cafe; , 
EXP. XXIV. When the twenty-third experiment was 
repeated, arid!*the rounded end ftmck at three quarters 
of an inch, the feme kind- of apj»eared between 
the two cramps as in the twentieth experiment , when 
the point was ufed; but in. tins experiment with the 

■ , .. . .rounded 
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rounded end the, fpark at the cramps appeared confidera- 
bly lefs to every obferver. 

EXP. XXV. Upon repeating the twenty-firft experi- 
ment where the two fubffcitutes were brought into con- 
ta6t, every other circumftance remaining the fame, the 
rounded end was ftruck at the fame diftance nearly as 
when a fpark was taken by a larger metal bail (fuppofe 
three inches in diameter) from any part of the great 
cylinder when equally charged : for in this, cafe the twm 
fubftitutes, being in contaa:,, made in reality but one- 

great fubilitute., • 

EXP. XXVI. 1 now repeated the tw'enty-fecond experi- 


ment, where motion was introduced; and without any 
other change of circumftances than putting in the place 
of the point the rounded end. Upon this occafion, as. 
well as upon the former, the fame perfon moved the 
ftaiid with the rounded end upon it, and with the fame 
velocity (as near as he and others prefent could judge) but 
not before the couneaed fuhftitutes were fully, charged 


by jui; equal number of turns,, The, 'iiUftstnt that the 
rounded end.appfo^ed, within. ^Tertaifo diltanee of the 
ball at the Jefs 

explofion feemed |nff rtOr to that ’ which; the point occa- 


fioned at the diftance oh nuieipchf!® hajf. In this 


^perimeatThe di%ace. hetw^^ 




VA; 1; 
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ball was not more than fix inches and an half. From which 
it appears, that even in thofe circnmftances the point was 
jftruck at a greater diftaiice than the rounded end in the 
proportion of nine and an half to fix and an half. 

EXP. xxviT. It has been obferved in a former part of 
this paper, that a great quantity of rain fell when the 
accident happened at Purfieet; as this circumftance 
feemed to be material, it was proper to put the model 
into a fimilar fituation; and therefore, after removing the 
tin-foil upon, the parapet, I wafhed the model all over 
with afponge ; and, ,whilfl: it continued in this ilate, the 
machine was pat into motion: after ten turns of the 
wheel, the point vvas ftruck at five inches diftance. In 
eonfeqiience of this, a linall explofion (more vivid 
than, in the dfeveiiteenth experiment) appeared, not only 
between the cr^ps; but ahb anoftier was feen,ftill more 
■vivid, at the inner corner of the parapkj neareft to the 
^cr^l^ daiting, as it feemed, firpm the up to the 

cramps;.':’ .p;. v" ■•■■■. -i- ' .rr , 

EXP, xxvni, Upon pol^pg tin--fal upon the top of 

the para^t qui?e m had been done 

* . ' , ' ' ' * 

before, and moifteo^ag thejn^ part oft the parapet 
down to the gm^r, the W^,agaiiu received by the 
^point, when the. :^ame^:.a^pgi^paape&'VW ofeleptei- as -in 
tiiclaftcsperimeiatv 

^ '■'♦.EXP. 
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EXP. XXIX. I then made a metallic communication, 
between the top of ihe parapet down to the gutter : after 
this the experime ■ -was repeated. And though the point 
was ftruck at five inches diftance, there w^as no fpark 
whatfoever, either between the cramps or at the inner 
comer next to the gutter. 

TWELFTH OBSERVATION. From tliefe iaft experiments 
it appeared, that rain contributed to make the lateral effect 
greater at the corner, by forming a better communica- 
tion betweeh the cramps and the gutter,, than the dry 
materials of brick and ftone admitted of. But it alfb ap- 
peared that, when the communication between the gut- 
ter and cramps was re’hdered niore perfect by a flip of 
tin-foil that was interpofed between them, that lateral 
effedi ce^d at the cramps; becaufe a ftili freer pallage 
was made few the fluid to tfifeharge itfelf through; not 
only along the flip of melal commpnicating. with the- 
gutters and the tin-fofl qmto round the parapety but alfo- 
along the tin-foil down the fide of the model, from* 
wh^aide it was.cemveyed by the wire to the well. 

■lEXP.rsotx.,, JK^objedhori 'ha beehrihadei that'thhf 
wife comunmcating from- the bottom of the model to» 


flie yrelh h cewtfifted of federal, diftin^t, parts,, occa-~ 


fbned a afeieach of the JiindMoo% therefore^ 
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tho validity of this objeaion, a new communication was 
now made from- the model to the well, confiiling of one 
entire wire, pointed at the end, with which I repeated the 
experiment of palling the model ; and finding no lenfi- 
blc difference from the former relults, 1 then, in orcier 
fo apply a rounded end to this perfe^comtnunitation, 
had the pointedconduaor, which was previouily made • 
life of, foldered on to the end of the wire iiiltead of the 
other point; and to this condudtor fo foldered I occa- 
fionaily applied the fmail ball wdiich was ufedin the for- 
mer experiments, and which has hitherto been called the 
imihded end. It was made to fit upon the point of the 
foldered condu by means of aYocket, fo as to render 
the corainunication perfeA. With thefe different termi- 
nations, and thus circumftanced, all the experiments 
were repeated; and it was found, that the relults were 
rather more in favopr of the doarine hitherto advanced, 

• thap'^fbre the communication was made fd perfed. 

' It Kayi^g?hlea. farther objeded, that the mbtioh of the 
moddem^^toh^'th^d 'experiments w.as 'Confiderably-' 
greater than ;a thuiider-cloud, I made the 

following 

■; ■ EXP. model im 

the preceding experiment Si^as giraduaHy r till it 

was nearly balanced'-''''by-;tiiie'i'fiS^iehf^^ when' 'the' 

motion. 
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motion was rendered fo flow as feven feet feven inches in 
feveii feconds, it was very little accelerated ; and in this 
ftate the great cylinder being charged, the model was 
fuffered to pafs : and though the velocity was lefs than 
three quartei'S of a mile in an hour, the point was ftruck. 
This experiment was repeated feveral times, with the 
fame fuccefs, in the prefence of feveral gentlemen. 

Having made two other experiments, refpedting the 
different terminations of conductors, and in very different 
circumflances from any that have been yet related, I 
fliall here give an account of them. 

EXP. XXXII. When the great ball of the lefs fub- 
ftitute was placed at the greatefl: ftriking diftance from 
the ball at the end of the great cylinder, I fixed a needle 
into the under fide of the remote end of the lefs fub- 
ftitute, with the point downwards : oppofite to this point, 
and upon the fame Hand defcribed in the twenty-fecond 
experiment, was fixed another needle; fo that the two 
points were oppofed to each other. . The fpace between 
them was varied from time to time, in order to find the 
greatefl: diftance at which the lower one could be ftruck. 
Upon charging the great cylinder it appeared, that the 
greatefl: diftance in this cafe was five inches and a 
quarter. 

VbL. LXVIII. O o ^ 
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EXP. XXXIII. Upon repeating this experiment, whilft 
every circumftance remained the fame, excepting that, 
inftead of the point below, a rounded end was put in its 
place, and after charging the cylinder again, it appeared, 
that the greateft diftance, at which the lightning (from, 
the needle) ftruck the rounded end, was not more than 
two inches and three quarters. And the largenefs of the 
fpark, as likewife the loudnefs of the explofion, appeared 
to be iefs confiderable than in the thirty-fecond experi- 
ment. 

The reafon for fixing the needle at the end of the lefs 
fubftitute with the point downward, was to reprefent 
a fragment dr jagged part of a cloud, which fome- 
times hangs down towards the earth; and, as Dr. 
FRANKLIN and others have fuppofed, ferves as a kind 
of ftepping-ffcone for the lightning to pafs more readily, 
and in a filent manner, from a charged cloud to a 
a pointed eondudlor imderneath it. But we fee, from the 
two laft experiments, the lightning does not pafs in a 
filent manner, hecaufe the point below, as well as the 
rounded end, was always ftruok, and the former af twice 
the diftance nearly of that .of the latter; . 

That two points oppofed to each othetj imthe mannct 
defcribed above, Ihould ever occafion a ftroke of- light- 
ning, may perhaps appear ftrange to thtsfe 

very 
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very well acquainted with this-fubje£l. However, I have 
related it not only as it is a fadt of a very curious kind, 
but as the confequences which may be drawn from it 
feem to be conliderable. 

During the courfe of this inquiry, having occafion to 
try fome experiments in the dark, I obferved a curious 
circumftance, which feemed to lliew, that a point had a 
far greater influence upon the charged fubftitute, in cer- 
tain circumftances, than a rounded end had when it was 
placed in the fame fltuation. 

EXP. XXXIV. The circumftance alluded to w^as an ap- 
pearance of light upon the brafs ball (for fo I call it, to 
be more clear in the defcription) that was fixed at the 
end of the great cylinder, when the copper ball (for fo I 
call that for the fame reafon) of the lefs fubftitute was 
oppofed to it at the greateft ftriking diftance, as in the 
eighteenth experiment, every other circumftance re- 
maing the fame; and whilft the model, with its pointed 
condudlor, flood upon the table dire< 5 tly under the tin 
bah that was fixed at the remote end of the lefs fubfti- 
tute: for foon after feven or eight tprns of the wheel, a 
light began to appear on the brafs ball, and continued to 
increafe in brightnefs till the moment itburft forth in an 
explofion towards the copper bail. The part of the brafs 
' ' Go -a'-' 
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on which the light appeared was that next to the copper 
ball : and the general appearance of it was round, and 
fometimes more than half an inch in diameter. It 
did not fend forth rays or ftreams that were luminous ; 
neither did it extend beyond the furface; or the diftance 
to which it did extend was fo inconfiderable, as to feem* 
incapable of being afcertained, even at the inftant before 
the explolion, when it was moft vivid; though at that 
time there did appear fomething like a finall fwell 
towards the centre, as if it was making an effort to get 
out. Whenever the wheel was flopped fuddenly, or the 
motion of it decreafed, the light retired on the inftant^ 
and totally vaniflied : but when the motion of the v/heel 
was renewed for a little time, the light returned as be- 
fore. The whole time that this appearance continued,, 
was never more than fi ve or fix feconds : reckoning from 
die moment it was firfl feen, to the inflant when the ex- 
plofion happened. The diilance between the point and 
the tin hall meafured three inches and a quarter! There 
was no fuch appearance on the copper ball ; nor is it eafy 
to conceive how there ever fliould, when all the circum- 
ftances are taken into confideration. 

EXP. xxxY^ Upon repeating this experiment with a 
rounded end, inftead of a point, and at the tame diftance 
from the tin ball, notwithftanding every other circurn- 

ftance. 
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fiance continued the fame, there was no fuch ap- 
pearance. 

EXP. XXXVI. But when the rounded end was moved 
confiderably nearer, that is, within fix-tenths of an inch, 
a light was vifible; but then it was faint, and not more 
than one-tenth of an inch in diameter, even at the in- 
ftant before the explofion happened. 

thirteenth observation. By the firft of thefe ex- 
periments it appears, that the influence which the point 
had upon the whole of the fluid contained in the great 
cylinder, was fuch as to caufe a general tendency of it, 
towards the lefs fubftitute; but, on account of the re- 
fiftance which feemed to operate at the furface of the 
brafs ball, it was there flopped, and by degrees accumu- 
lated, till fuch time as the accumulation was great 
enough to overcome that refiftance. Now, according to, 
this manner of reafoning, the point did not draw the fluid 
out of the great cylinder filently ; but when the accumu- 
lation had got to a fufficient degree, a fudden explofion 
enfued, more or lefs violent,, according to the circum- 
flances which accompanied the experiment. 

fourteenth OBSERVATION. From the Other experi- 
ment it appears, that the rounded end had not fo great 
an influence as- the point upon the. charge in the cylin- 
der,: becaufe we were obliged to bring . it . five time^ 
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nearer before any light conkl be perceived at all; and 
even then it was fo faint and inconilderable in its diame- 


ter (rather lefs than one tenth of an inch) compared with 
the other light produced by the influence of the poiritj 
that it manifeftiy confirmed tho truth of the laft ohfer- 


vation. 

Thefe facts being in my opinion fo clear and fatisfac- 
tory in regard to the great objedt we have had in view, 
I think that any farther experiments refpedting the na- 
ture and ufe of condudtors are unnecefTary, I fliall 
therefore proceed to make fome general dedudtions from 
what has been already related. 

It feems to be clear, that in all experiments made with 
pointed and rounded condudtors (provided the circum- 
ftances be the fame in both) the rounded ones are by far 
the fafer of the two, whether the lightning proceed 
from one or more clouds; that thofe are ftill more fafe, 
which (inftead of being, as Dr. franklin recommends, 
ten feet high) are very little, if at all, above the higheft 
part of the building itfelf; and that this fafety arifes from 
tlie greater refiftance exerted at the larger furface. 

The luminous appearance at the end of the brafs ball, 
occafioned by the point in the thirty-fourth experiment, 
manifeftiy ftiewed that there was an accumulation of the 
fluid within that part of the ball, in confequence of fome 

refiftance: 
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reiiftance: for when the reliftance at the furface of the 
brafs ball was at laft overcome by the influence the point 
had upon the charge, the explofion took place imme- 
diately ; and that, not only between the two fubftitutes, 
but alfo between the end of the lefs fubftitute and the 
point. 

A cloud, therefore, that happens to be charged, and 
within the ftriking diftance of another cloud which is 
not charged, and alfo equally within the influence of a 
pointed conductor, muft neceflarily produce fimilar ef- 
fedts with thofe: mentioned in the thirty-fourth experi . 
menti- 
on the other hand, clouds that are circumftanced like 
thofe above, and not within the influence of a rounded 
condudlor, will pafs quietly over fuch a termination, and 
without any explofion. 

Nor can any one, at all acquainted with fubjedts of 
this kind, want to be reminded, how far the effedts of 
experiments, made within the limited power of fuch an 
apparatus, mufl: differ in degree from thofe which are 
exhibited in the great and wonderful phsenomena of ; 
jaature. 

^ If I could grant to thofe who objedf to the motion 
employed in fome of thefe experiments, >thatrv a cloud . 
charged with lightning, and raotionlefs, may impend 


over 
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over a btiilding; it muft neverthelefs be allowed, that 
clouds are generally obferved to move with conliderable 
velocity; fo that when the velocity Is from three quar- 
ters of a mile or fomething lefs, to four or five .miles or 
more in an hour, the pointed coiidudor is always ftruck 
by the charge contained in the great cylinder. And the 
experiments which have been made by the addition of 
the lefs fubftitute fhew alfo, that no fecurity can be 
expedted from a pointed condudtor when a thunder- 
cloud is even entirely at reft. 

UPON ACCELERATION, AND ITS EFFECTS. 

From confidering the extraordinary efiedts which have 
fometimes been produced upon grofs matter by light- 
ning, and the diftance there frequently is between' thun- 
der-clouds and the earth, when fuch effeds take place, I 
fufpeded that thofe effeds might in fome degree be 
owing to an increafe of the velocity of the fluid which 
produced them. 

To try whether this was really fo, it feemed neceflkry 
to have an apparatus of a far greater length than the 
great cylinder: I therefore made ufe occalionaHy of the 
long wire which has been already defcribed. 


EXP. 
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EXP. XXXVII. Upon conneaing one end of this long 
tvire with the farther end of the great cylinder, and the 
other with one end of the brafs drums; I found, that 
about fix uniform turns of the wheel, with a moderate 
velocity, were required to caufe the appearance of a fmall 
team of light at the top of the fpout defcribed in the 
firft experiment, when the model, with the pointed con- 
duaorupon.it, flood direaiy under the great cylinder, 

but at the diftance of five inches. 

EXP. XXXVIII. When the great cylinder was uncon- 
iieaed with the long wire and brafs drums, and whilft the 
model, with the fame conduaor upon it, remained in its 
place ; about two turns, with the fame velocity, were fuf- 
ficient to charge the great cylinder, fo as to caufe a limi- 

lar appearance at the fpout. 

EXP. XXXIX. On feparating the great cylinder from a 
fourteenth part of it (which fourteenth part for the pre- 
fent I call the little cylinder) the model and machine con- 
tinuing in their places, it was found, that half a turn of 
the wheel Was fuffident to charge the little cylinder, fo 

as to caufe this lihe appearance at the fpout. 

fifteinth OBSERVATION. Now thefe differehces in 
the numbers of turns required for caufing fittiilar ap- 
pearances, when the feveral charges Were given in the 
&irty-feventh and thirty-eighth experiments, c^d not 
VoL. LXVni. PP . arife 
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arife from a difference in the quantity of metallic matter 
contained in the refpedtive fubftitutes ; becaufe the tin- 
foil which covered the great cylinder (independent of 
the nails and wood it contained) was found to be-near 
three times heavier than the weight of the whole- wire. 

Neither could thefe differences be owing, to a dif- 
ference in the quantity of furface-of the refpedive fub- 
ftitutes; becaufe the furface of the great cylinder was 
found to be ten times greater than the furface of the. 
wire. 

Thofe feveral differences- muff therefore depend upon 
fome other caufe; and, as a true knowledge of this caufe 
may be of fome moment in the prefent inquiry, we muff: 
endeavour to find it out by experiments and obfervations. 

To this end it may be necefifary, that our inquiry 
ffiould begin from an early part of this fubjedt, fb that 
we may proceed regularly, ftep by ftep, as nature dire(5ls. 
By puifuing this method (though it is propofed to be 
done very generally on account of the length of this 
paper) we may pojdibly arrive at the knowledge of the 
caufe in queffion, and Ihorten the road to the main ob- 
jedl in view; I mean, the effedls of comparative velocities. 

From the nature of this fubtile and elaftic fluid, and 
its being diffufed throughout the whole earth as well as 
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the air furroiinding it, the leaft violence exerted muft 
neceffarily difturb it. 

And although experience hath taught us how to vary 
the natural quantity of this fluid in many fubftances, in 
confequence of violence ; yet the fame experience hath 
likewife taught us, that we cannot increafe that quantity 
in any particular fubftance, without taking it from the 
general flock contained in the earth or- air furrounding itt 
and therefore, when this fluid is fo increafed, it may be 
properly faid to be in an unnatural ftate; and whilfl it 
remains fo, mufl (from its elaftic principle) be always 
endeavouring to recover its natural one. 

But experience hath alfo taught us, that metal, for 
example, hath a property of receiving the fluid more 
readily, whenever it is diflurbed, than moft other fub- 
flances: for which reafon a notion hath prevailed with 
many, that this property of metal arifes from a power of 
attraction, which they fuppofe -.it poflefles in a greater 
degree than any other fubflance. 

If this philofophy were true, it would follow, that the 
fame power which attracted the fluid into the metal 
ought to keep it there : for it cannot be fuppofed to ^ttraCt 
the fluid at one time, and then let it. go at another; this 
would be abfurd, and contrary th exp^ience. We mufl: 
therefore try to find a better reafon why metal is pofiefled 
' ■ , ' P p ''With 
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with the property of receiving this fluid more readily 

than other fubftances. 

EXP. XL., When the great cylinder, with the wire and 
hrafs drums, %vere charged with a very fmall quantity of 
this fluid, by the w^heel being turned fomething lefs than 
a quarter round, there was, the moment after, a vifible 
explofion, and a fenflble effeft perceived at the remote 
end of the wire. When half a turn was given, thefe 
effeflis were greater; and, after a whole turn, the quantity 
of the fluid accumulated in this great apparatus was in- 
creafed conliderably. 

SIXTEENTH OBSERVATION. Now, fomething. mult 
have hindered the fluid from getting out of the cylinder 
and wire all the time they were charging, otherwife we 
fliould not have been able to have caufed the leaft accu- 
mulation ; for, from the nature of this fluid, there can- 
not be any accumulation without fome refiftance to occa- 

nature of that refiftance may 
be, experiments lhew, thar’there are certain bounds pre- 
fcribed to its- power of acting, and which iii particular 
circumftances leem to. he very eafily furmounted. 

From Sir Isaac ne#toi^s oMervations^''^, and a great 
variety of experiments made fihbis* colled^ 

that this principle of refiftance is probably exerted at, or 

f'f; NEWTON?s Optics, p. 240, 24^ Slid 

very 
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very near, the furfaces of bodies, and extends only to 
very fmall diftances from them. 

It feems then, that it is by this kind of refiftance at 
the furface of bodies, that the fluid is prevented from 
efcaping out of the great cylinder and wire, whilft it is 
accumulating within them: and therefore,. when we be- 
gin to charge the great apparatus at the nearer end, the 
moment any part of the charge arrives at the farther 
end of the wire, it is prevented (in fome degree at leaft) 
from efcaping, in confequence of the refiftance it meets 
with at that end. And, if we continue to make the 
charge greater, the charge itfelf, during its increafe, muft, 
alfo refift every farther effort which any ways tends to 
make it greater, with a force probably proportional to 
the quantity accumulated. 

EXP. XLI. When the great cylinder and wire with the 
drums were fully charged, , and a perfouj ftanding upon 
the wire which communicated with the well, fuddenly 
approached the brafs drums with his hand, an explofion 
enfued, . which indeed was neither fo large, nor did it 
take place at fo great a diftance, . as might have been ex- 
pe^ed,^*^-^; neverthelefs, .the perfon received a violent 

(d) The drctiinftances attending the explofion in this experiment were cer- 
tainly owing to the long wire being not entire, bat, confiffing of feveral pieces 
twifted together, the ends of which, being very manyv ma& have canfed a con-; 
fidefable part of the fluid to efcape, ^d fo have weakened the general efta. 
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- fation, not unlike that produced by the Leyden phial, as 
it afFedled his body quite through, from the hand that 
took the'difcharge to the feet that iicod upon the wire. 

EXP. XLii. Upon repeating the above experiment, 

• with the great cylinder only, and when it was fully 
. charged, the explolion appeared Wronger, and thediftance 

it ftruck -at greater, than in the other cafe; and yet the 
. fenfation received was not near fo violent as when the 
i long wire was connedled with-it. 

EXP. xLiii. When the dittle cylinder by itfelf was 
fully charged, the effedts were very inconfiderable, com- 
yiared with thofe from the great cylinder: for, in this 
cafe, the perfon handing upon the wire of communication 
was affedted in his hand only, and that no farther than 

• the wrift. Thefe three experiments were repeated many 
times by different perfons, and the -refults were neaiiy 
the fame. 

SEVENTEENTH OBSERVATION. When all the circum- 
ftances ffi the two laft experiments are confidered, we 
may fafely conclude, that the difference in the fenfation, 
produced by the two cylinders, could arife from no other 
caufe than a difference in the one being 

fourteen times longer than the ptbtet, and both in other 
^reipedfs nearly fimilar; and fince the fenfation perceived 

’ „ . f'in' 



from Lightning at Piirfleet. 2^7 

iri the thirty-eighth experiment, where the long wire 
employed, was conliderably greater than when the 

great cylinder alone was charged, we feem to have fuf~ 
ficient reafon to apprehend that the efreds of every 
charge, as to fenfation, will be proportional to the length 
of the body charged ; provided the charge (or accumula- 
tion) be uniform from end to end in every experiment. . 

Apprehending that, if fome of the circumftances em- 
ployed in producing the. charge were varied, we might 
poffibly obtain a greater charge than we had yet found, 
I made the following .experiments. 

EXB. XLiv. Inftead of one- machine to charge the 
great apparatus I made ufe of two. The glais cylinders 
belonging to each were of the fame length and diameter 
nearly. One of thofe machines was- continued in its 
ufual place, which was not far from the nearer end of 
the great cylinder. .The other flood at the farther end of 
the brafs drums. After counedling the long wire with 
the great cylinder, and brafs drums, in the manner before 
defcribed, the wheels of both machines were put into 
motion, with equal and uniform velocities: and after 
fix turns of each wheel (for I could not prevail upon 
any one prefent at the time to take a higher charge), 
aqd, , after waiting above eight feconds, a perfon fud- 
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deiily approached the brafs drums with his hand ; imme- 
diately an explofion took place, and a difagreeable fenfa- 
tioii was perceived. The difcharge was then made at the 
nearer end of the great cylinder, and there feemed to be 
no difference in the effedt. 

EXP. XLV. Upon repeating the experiment with one 
machine only, and after the fame number of turns of 
the wheel with the fame velocity, and after waiting above 
eight feconds alfo, the fame perfon fuddenly caufed an 
explofion with the fame hand. But the fenfation in con- 
jfequence of it was very different from the laft experi- 
ment; for he declared it was little more (if that) than 
half as violent. Thefe laft experiments were alfo re- 
peated feveral times by another perfon, who gave the 
fame account of the refults'"'-^. 

EXP. XL VI. I now charged the long wire only and 
fully, and with one machine: the explofion, in this cafe, 
app^ed not very large, but of a reddifhhue ; and the dif- 
tance it ftruck at was not more than one inch and an half; 
however, the fenfation acrOls the -body was at that inftant 

(e) On re-conlidering thefe two laft experiments I find^ that inftead of 
.giving fix tarns to the wheel, in the laft experiment, I ought to have given 
twelve^ in order to make any comparifon between the effefts of the two oxpe-* 
riments : I therefore iimply relate the €X|^riraents as they were made, without 
making any dedu£lions from them. * , 

' lharp 
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EXPLANATION OF THE COLUMNS. 


A7 


ift, ^T^HE date 

2d, The height of the thermometer^ according to Fahrenheit’s fcale. ■ This 
therm ^ etef belonged to Mr. russell, and hung in the open air in the balcony. 

3d, including four columns, contains the regifter of the mai'ine barometers^ all of 
which, as well as the thermometers, were made by nairne and blunt: thofe marked 
Jt and D are (juickfilver, of the kind iihially made by them. That marked S is compoiindedi 
of c[iiickliiver, and of a lighter fluid, for the purpofe of making the alterations more 
vifible, which is a very great convenience at fea; a quickfilver thermometer being fixed to 
it for the fake of correfling its height, the heat by which is fet down in the column i 
marked Th. next to that marked S. ^ 

4th, The weather and winds in four lines; ift line from noon to 6 P.M.; ^d, from ^ 
6 P.M. to midnight; 3d, from midnight to 6 a.m. ; 4th, from 6 a.m. to noon. ' ^ 

In the column of f. denotes ; f(\. fquaily, c. cloudy \ h. bazyi r. rain\ hr.i ^ 

hardraift'i iv.Jmallrain'j dr. r. driziing raffi^, ffi-^jhowers^ i^y thundery 1. tight ning. 1 ^ 

It is proper to remark, that the winds are fet down according to th.o.compafs^ without any ^ 
for the . ’ ■ : ■ ■ ' ■ ^ 

the daily alteration of latitude hj account md ohjer*- ^ 
objervathn was fo, the Northward of the account \ S, that it ^ 

ry'' 71 ; y ^ ■ ■ " ■ , 

, ' . 'Orfy is expteffaJf : .but ' iO' tbe orhifial 'ioarnal tbc days of ■ the week ^ ^ 

'w^kh_are left out liere only for want of room* ' ' 

■' . &r,i. sUaw^** dlfermt cowfo r^uced to one ftraisbtcoarfe ' * , 

; ,,, ' , V 
















6th in a, The difference between the daily alteration of longitude by the account and 
time-keeper ; W . denoting that the longitude by the time-keeper was to the Wejiward of 
account \ E. that it was to the Eajiward. 

The refiilt of, thofe differences indicates the daily effedt of current; however aa 
error in the coiirfe failed, or diftance run by log, would make the current appear different 
from what it really was. 

. yth, The longitude from Greenwich, in feven columns. 

I ft, The longitude by 

ad, The longitude by xht time-keeper which was made by Arnold, but without 
his late improvements. 

3d, The difference between fhe longitudes deduced from -obfervatiom of the Moon 
and from the time-keeper uncorre 5 led\ e. denoting the. time-keeper to be to the 
Eaft of c ; w. denoting time-keeper to Weft of d . This, admitting the time- 
keeper not to be liable to any hidden changes in its rate of going, indicates the 
precifion with which the obfervations of the Moon may be relied on, all circum- 
ftances of weather and of the ftiip’s motion confidered. 

4th, The longitude by obfervations of the Moon's diftance from the Sun or Stars^ 
adjufted, by the log, to the noon neareft the time of obfervation. 

, 3th, The number oi fights or diftances obfm'ved, , 

6th, The whofe diftance from fhoMoon was obferved% o denoting the 'Sup; 
* the Star ; S. Spica Virginis ; R, Regulus; A. Aldebaran; At. Atair ; P. TblluXs 
F. Fomalhaut; An. Antares. • , , ' '.'-x-', 

yth, .The between the Mgbefi ■sasAdmeJl' obfervations,. 

■ : , minutes of a degree ; ■ when the feconds amount tO; mwe than 3©., ''Iihe 
'■ taken, the next minute; f' '• :7;;' , 

tWq-GOiuihnst;; ' '' ' ■, "'vV'if ■ .'l fyi, : r\ 

■' y.. ift,T'he,,iatltu,deyby';^ir«?^«4 


' 'J .'i' *;"y, 



'2(1. Tlie 


^ Journal of a Voyage ,o The Eaft Indies, in tie Skip GrenviUe, Capt. BI.RN.T abekcbombib, 177 S, baLBIMBEE. 

. . K , „S/>. , ThemeandipcorreaedisvYhatisruppofedtobethe^ree#. The foundation of this 

latitude by ohjervation-, and where the latitude could not be had by / u f 


which, cafe it is correftion is as follows. 


" valion, it is deduced by account from the lajl obfemoation, in which cale it is p corre«»n d ^ ,^ere changed, it appears, that the 

included within [ ]. . „ , , , n r needle was too heavy, fo as to make that end point 4|ths of a degree 

9th, The corre& byigttude from Greenwich deduced from the at that place* and therefore, if we fuppofe that the force of magnetifm is equally 

hA-iefgbt of lands, whereof the /ongbudes are known, and by ob/errjamns of the Moon | * too o w a ^^1 proceed thereby in other places fhould be to 

taMng a mean of the feveral obfervations of the Moon made d a deo-^ee as the cofine of the dip to the radius. The obfervadons alfo mad^ when 

other. The error of the time-keeper, between longitude d {pered its 'P tL noles we?e changed at Suez, agree well enough with this fuppoiition *. therefore, as m 

^ ^rifpTi Iw the time-keeper liavms: alteieclits tne poles o . . ^ r .. . KFarth. the mean dm la 


omei\ me triui j ^ ^ . t * were chaiiP^ea at biiez. a;:?;ree wen 

obfervations ofth^ Moon, is fnppoied to have arileii by all the obfervations the marked end of tin 

me of going uniformly between thefe obfervations; and the g i fat par of the voyage fubfeqnent to Ji 

determikd by the time-keper on this fuppofition. Where no obfervations of *e time ^ all that part > . 

were made, it is deduced by the account from the laJl obfervation of the time, d i) , , \ “ 

is then included within [ ]. ^ U°^ ^ .“f “ ^ 

I dth, The magnetical obfervations of the variation and dip, in feven columns. , ^ | ( when the mean dip is between 4 ; 

ift, I The varia-f azimuth, 1 * ^(r/o«, denoting the oblervation to have been in ^ 2 ) 1 3' 

ad, J tion by laiuplitnde, j the morning', rafter, denoting the oblervahi^ to ^ jjut as before the needle left London, cl 

have been in t\io evening. The variation was obferved by the officers mth the g ^jgg^ence in the dip, the correaion in the 

compaJJ'es belonging to the fliip. ^ great, videlicet, 

3d, The ^//> with \Pit face of the infirwmnt to the Eaft. p- 

^ 4th, Ditto,' i ditto, ditto, ^ Weft. ^ . . 


43 [ North, and adding as much when 

OQ f the dip is HrS nLiiich Sontii® 


But as before the needle left London, changing the poles was found to* make very little 
difference in the dip, the corredion in the preceding part of the voyage is made not fo 


4th, Ditto,' i ditto, ditto, ^ Weft. 

5th, The mean dip od the foregoing obfervations. 

dth. The mean corredied, or what is Juppojed to be the true dip. 

7th, The circumjlances under which the obfervations of the dip were made. 


gredj videlicet, 
% . 

ifh . . 


' 7 0° and 


I 

I of a degree is fubtraded from the mean 
1^' dip, when that dip is between 


ring-needle belonging to the hon. Mr. cavendish, 


62, 
52 
i 43 
' 35 

5 , 0 ' 


iath, TheM*Jrmiby‘%. _ « ' ^ ‘ | U 

The dip' was obferved iwitli a dipping-needle belonging to the hon. Mr. cavendish, k . | , ' " ' ' *' ■ 

^niado by SISSON. - ! ’ ^ The dip was obferved on board the Grenville at. Deptford, after her return, in the fame 

. , The 'following bn 'the dipping-needle obfervations are by Mr. cavend . ^ ^ fhiDinvvhichutbefObfervations wemiidually made, an^' wa^' found. not to,differ 

f The ends of the aius ofthe dipping-needle are made conical, and turn m ccmical T the fhme needle to 

'of ' btll-nvetal, in the roauiffir of Mr. poRIMER’s needle, defcnbed m Tranii vol. ^ '®= tpshe/BOt 

:p.7^. Thedipwas«nJl,ntlyobferweffib*Lwithtbe,ftde:ofthemftrnmemtotbe^4^^ , 4 

■ iJto the weft, andthe:poies werechanged twice .dnrirtg the voyage, in order tp A’ ■ . y . 

’.•^lether the needle, continued jvell balanced.v /The afc of.tffis methodof .obfcmag4,»p,.ga;.2-v:^,y'g , , - /. y f: 


The dip was obferved On board the Grenville at. Deptford, after her return, m lame 

.part of the Ihip in which the, obfervations were, ufually made, ^ 

more than s' from that pbfeT'^ whh ffie Tame needle 
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fliarp (as it was exprelied) and violent, but not quite fo 
difagreeable as when the great cylinder was connected 
with it,, and fimilarly charged. 

EXP. XLVir. Having procured an equal quantity of 
the fame kind of wire, and of the fame diameter, with 
that which was fufpended and tried in the laft experi- 
ment, it was placed in the form of coils upon aboard, 
fixed on the top of a long ftand of glafs, without having- 
any conneaion whatfoever wdth the. great appapatus, or 
any part of it. Thefe coils were then fuUy charged by 
the power of one of thole machines only. The lenla- 
tion they afforded, in confequence of caufing fparks, 
was very inconfiderable, compared with what had been 
obferved in the laft experiment. 

EXP. XLViii. The feveral coils of wire employed in 
the laft experiment, as likewife feven hundred yards 
more in coils alfo, were joined together at their feveral 
ends. Thefe coils being then ftrung upon filk lines, were 
drawn out into a form refembling that of a fcrew',,and fe- 
parated from each other in fuch a manner all along as 
toocctipy one hundred yards of filk line. The feyer-al 
diameters of thefe coils>: at^ a :mgan, were about fifteen 
inches. As | hadTo ftiort a thue in, which m prepare 
and fufpend ; them, prqperly, difadvantage of tlieir 
ipUehiog and iiiterfedfing each other- ‘ in many, 

Yol. LXVIII. < Q q ■ ; could 
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could not be prevented however, T found that the ien- 
fation caufed, after charging this wire, was nearly equal 
to that which had been experienced from the long wire 
in the forty-fixth experiments 

EXP. XLix. Upon joining the farther encl of thefe 
coils to- one‘ end of the long whe,. fo that the, whole 
tength was in this experiment about three thoufand nine 
hundred yards, and afterwards charging, the nearer end 
of the coils, and without the great cylinder (it being; 
at that time taken down) the fenfation complained of, 
by t wof indifferent perfons, was twice as violent as the 
fenfation perceived by the: fame perfonswhen the long 
wire sdone was charged. 

it may be now proper to make fome general obferva'* 
tions rdpefting the exph/ton itfelf, and. the. quantity of 
the fluid difcharged in ctmfequence thereof.. 

After many experiments we found, that when the 
great -apparatus Was fully charged, and; the tftotion of 
the wheel fuddenly flopped, it appeared,, that a. Angle 
explolion at either end of it, inftantly (as to fenfejAiH-- 
charged the fluid contained therein t but never fo effec- 
tually as to leave no rem^der: for the quantity which 
did remain (upon a fecond api>lk^ian immediately after- 
wards) was generally fufficient to caufe a fedond explo- 
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fion perceptible to the fenfe of feeling, as well as to that 
of fight. 

Now, before the great explofioii was caiifed, the fluid 
accumulated in the apparatus mull have been diffiifed 
equally through it, in confequence of its elaftic princi- 
ple*, and, being fo circuniftanced, a fudden application of 
the hand, or any other fubffcance, which would open a 
-door for the paflage of the fluid into the earth, was 
found to difcharge the greater part of that fluid: and 
whatever part thereof was fo difcharged, the moft diftant 
particles feemed to have arrived at the point whei^ the 
explofion took place, at the fame time with thofe that 
w'ere the nearefl: to it j becaufe, immediately after the ex^ 
plofion, there was very little of the fluid remaining in 
the apparatus. 

If then the difcharge of the fluid be, as it feems to be, 
very nearly inftantaneous, the particles of it rnuft move 
with velocities, and confequently with forces, very nearly 
proportional to thofe diftances. : 

From th^ confideration I appr^biend it wiii appear, 
why the;iefl^afloP'Upon-^:<difch^geif^ the long wit© 
in 'lhe:/''fbrty-fixth: experiment.: w-as.'naore, viplenl:i,:.'.aiid^ 
u^n reajH©9ing'the;tMrty^fcy^|b<^|!piii3t^^ -and 

thirty-ninth .expeflmeals^ I madf 

npon them, I am mcllned tor tbsat the 

Q q a''" "depends'' 
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depends more upon the length of the metallic body, than 

upon the quantity of its matter or farface. 

It was iqwn the idea of the velocity of the fluid being 
thus increafed, that 1 apprehended giin-povvder might be 
fired without the leaft appearance of a fpark- The fuc- 
cefs of this experiment was an inducement to try xun- 
K-kLL*s phofphorus, which was made by Dr. higgins. 
The moment this inflammable fubftance was brought 
very near the furface of the brafs drums, it buift into a 
blaze ; and common tinder, applied in the fame manner, 
was fet on fire the inftant when it was brought fo near as 
to touch the metal : but there was not the leafl: appear- 
ance of a fpark in any of thefe experiments. 

The method taken to fire the gun-powder w'as this: 
upon a flafF of baked wood a ftem of brafs was fixed, 
which terminated in an iron point at the top, ; This point 
was put into the end of a fmall tube of Indian paper, made 
fom^sfehat in the form of a cartridge, about one inch and 
a quarter long, md about two-tenths of ah inch in diame- 
ter. Wheh till# Cartridge was filled with common gun- 
powder (unbrffi^d||^e ^|i^jjpf communication with the 
well was then fafteniBil' to thh of the brafs ftem. 

Being fo circumftahEedy in the 
great cylinder and wire was (X)htihh^ly kept by the 
motion of the wheel, the top of the c^rtridg^ was brou^ 

fo 
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fo near to the drams as frequently to touch the metal. 
In this fitiiation, a fmall faint luminous ftream was ob- 
ferved between the top of the cartridge and the metal 
tirum^ 

Sometimes this ftream would fet fire to the gun-pow'- 
der at the inftant of the application; at others, it would 
require half a minute or more before it took effedt. But 
this difference in time might probably arife from fome 
difference in the circumftances, for any the leaff moiflure 
in the filk lines, the powder, or in the paper itfelf, was 
unfavourable to the experiment. 

This new method of firing gun-powder by aluminous 
ftream of the matter of lightning fiirely merits the.moft 
ferious attention;, and more efpecially in thofe cafes 
where pointed condudlors are fixed to fecure magazines 
©f gun=-^wder from fuch accidents. 

In repeating the laft experiment, there were one or 
two. inftances where the powder was fired without 
making ufe of the long wire;, but never with the great 
Cyh||^r ,<3lane r for vfe yyere obliged to connedt it with 
the wire ten or twelve feet 


long./:-'. 1-.' 

It was, howeverjLa coniperable time (ten. minutes or 
more); 'l^fore. the. ex5B^iment,fii^Kmled,j^^ with tte,; 
,, 1 ^ 'apj^atus. ^ This was 

fired. 
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fired pretty readily, and fometimes with the great cylin- 
der alone. 

EXP. L. Before the apparatus was taken down in the 
Bantheon, attempts were made feveral days to fire gun- 
powder, but wdthoiit fuccefs, except in oneinftance, which 
was attended with fome difficulty. This failure feemed 
to he owing to a variety of caufes, the chief of which 
appeared to he moifture that-a|Fe< 5 ted the iilk lines, and 
perhaps the powder itfelf. i might add alfo the duft, 
which in ib long a time had fettled upon the lines, and 
rendered them in fome degree incapable of refilling the 
paffage of the fluid. However, when tfle coiled wires 
upon the filk lines were properly joined to the long wire, 
as in the forty-ninth experiment, it was found that gun- 
powder could be fired very readily. This is another 
proof of the increafe of velocity by increafing the length 
'of the whe, . 

' : espipflon »®f • , ,gua-powder, m':.the;particulax.',man* 

fier relafed^tto the afiiftance of the Leyden 

charge, and even without a ipark, is an effedl which 
could not eafily be deduced from reafoiiing ripon any 
experiments hitherto made; for though gun-powder has 
been frequently fired with Leydep there 

;is a'diflference.in.the two:Gal^,::w|d^'ipy&^ 4 tvj|eCefia^ 
to' take lome farther notice .of ,th^ * • .1 . .. ^ „ 

^ W 
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When the Leyden phial is charged we find, by expe- 
riment, that the charge is confined in a fmali compafs, 
or very mnch condenfed, near one fiirface of the glafs. 
It is alfo true, that the oppofite furface of the fame glais 
is as mnch rarified, or (according to Dr. franklin, who 
was the firft that obferved it) in a minus ftate. Now, ac- 
cording to this rule, the greater the furface of the glafs is, 
and of an even and Emited thickhefs, the greater charge 
may be given; andthe greaterthe charge, the greater muft 
be the effecit (whenever the difcharge is properly made) to 
refiore; the natural ftate of the glafs on the two oppofite 
fides. In order therefore to fire gun-powder with this 
kind of apparatus, experience hath taught us hitherto, 
that the powder ilioiild. be confined, for example, in a 
tube of cartridge ; . and that this cartridge ftiould be placed, 
in fuch.a manner as tO' make part of the circuit neceilary 
for the difcharge of the fluid from one furface of the 
glafs, and carry it through.the cartridge to the other fur- 
face. But it is alfo neceflary, before the powder can be. 
fired^ tovhave pa^ of which, fornis the circuit in 

Gontaift with the |mwflar;,c^,to havenne ehd of the wire,, 
wMdi makes pajTt of the drcuit, forced a little wa)r mtO' 
one end of the cartrid^;, and another end of a. wire,, 
which alfo cireifit, fbitfed a little wsny* 

into the other end of the cartridge;, but fii that the: 

. ’ two» 
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t«^o ends of the wire within the cartridge may be at a 
proper diftance from each other; which diftance will 
depend upon the ftrength of the charge. When every 
thing is thus adjufted, and the circuit properly made, the 
gun- powder is generally fired; I fay generally, becaufe 
it fbmetimes happens, that the charge is not great enough 
to produce the effedl required. For this efFedt does not ap- 
pear to proceed from the fpark or the explofion produced 
by the fluid (becaufe flame of a certain denfity will not fire 
gun- powder) ; but it muft be from the ends of the two 
wires, or from one of them at leafl:, within the cartridge, 
being rendered hot enough to fire the gun-powder, in 
confequence of the very great quantity of the fluid, and 
the velocity with which it palled through the wire at that 
moment: it being well known that wire, even of a con- 
fiderable thicknefs, has: been frequently made red-hot, 
and even melted, by the Leyden charge. 

dDr, MNi>, a gentleman who is welL acquainted with 
this fubjedt, favoured me with a fight of a very curious 
experiment, which feems toihew more clearly what has 
been advanced above, refpedting the immediate caufe of 
the gun-powder’s taking! fire in the Leyden experiment. 
He procured for the pm^pofe fdm^ fine 

threads or lhavings of fteel; cme fif ]#as fd cjifpofed, 
where gun-powder was properi|f 

. ■ ■ , ' to. 
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to be in conta6l with the powder. After having charged 
a fmall phial, which did not exceed a pint in meafure, 
with only a few turns of the wheel, he made the dif- 
charge, and fired the gun-powder. The advantage he 
gained by having fo fmall a thread of metal in this ex- 
periment was, that it could be made red-hot with alefs 
charge than what is neceffary when a thicker wire is 
made ufe of; and the fmallnefs of the charge he em- 
ployed to fire the powder was a certain proof that the 
fteel thread had been made red-hot. 

Upon the whole we find, 'that this method of firing 
-gun-powder is totally different from the other, where the 
great apparatus was employed; becaufe the faint lumi- 
nous ftfeam, obferved at the brafs drums where the gun- 
powder was applied, I found was abfolutely incapable of 
making the point of metal within the cartridge red-hot* 
Befides, there did not appear to be any explofion what- 
foever between the apparatus and the powder at the in- 
llant it was fired. 

sBefore I conclude this paper, it may not be amifs if I 
take npfice ipf c^ain atrnofpheres, which bodies haye 
round them when they are properly charged witb this 
felafiic fluid ; diecaufe the nature of them may not per- 
haps be perfi^ly undefflood by ©very One * who attends 
,to©nquiries of thiS'idnd*''. : \ . r/!: ; - . i 
" Vom LXVIIh : R f 
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Every charge, from the nature of the fluid which pro- 
duces it, muft, while fuch charge remains, continually 
a6t upon the air furrounding it; and of confequence 
upon the fluid alfo, which hands diffufed therein, and ia 
the intervals between its parts by its repulfive principle. 
This appears to be true, not only from theory but expe- 
riment. 

The hate of the fluid in the air neareft to the cylinder 
that is charged, muft therefore be in an oppoflte ftate to 
that which is in the cylinder; that is, in the one cafe It. 
will be condenfed, and in the other rarified. 

Now, becaufe the power arifing from the charge 
within the cylinder, which caufed the rarefadljon beyond 
its outward furface, is limited; the diftance to which 
that rarefaction extends, muft be limited' alfo : and beyond 
that diftance the fluid muft be condenfed more or lefs^ 
according to the power of the charge which caufed the. 
rarefaction.. 

Whenever therefore we are difpofed.to open a door to 
let the charge out of the cylinder, the rarified fluid near 
the outfide of the cylinder muft neceffaiily promote: the 
difcharge at that inftant,. 

As to the diftance to which this rarefaCtion^extends, it 
will always depend upon the ftrength of the chaise, and 

V v:/'' ''the 
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the ilate of the air in the place where the experiment is 
made. 

When. I fufpended the 1600 yards of wire in the Pan- 
theon, the feveral lengths thereof were purpofely hung 
(as hath been obferved before) at five or fix feet diflance 
from each other, entirely upon this idea ; left the refpec- 
tive atmolpheres might interfere with each other, or 
with the charge contained in the mre, and by that means 
difturb the experiment. 

It is now time to put an end to this inquiry ; in which, 
however defective I may have been in ability, neither 
attention nor impartiality have been wanting; and al- 
though it may be true that, even before thefe experi- 
ments were tried, I was inclined more to one fide of the 
queftion than the other, it was becaufe I many years ago 
grounded my perfiiafions upon the philofophy of Sir 
ISAAC NEWTON. Without thofe perfuaiions, and the 
advantage of that moft gracious encouragement which is 
never wanting to honefl: and candid endeavours in the 
1 purfuitpf philofophical truth, I fliould hardly have felt 
! fufficient zeal tO’ engage in fo. confiderable an under- 
taking : nor indeed, without powerful affiftance, could 
the great objedt of this inquiry have been in any degree 
attained. For my own part, I can hbaft; of very little 
I laore in this inveffigation than patience .and indufl|y< 

R.r;S": 
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I fhall only add, that if any one, who may be difpofed 
to try the preceding experiments, will nfe an apparatus of 
fufiicient dimenfions, and faithfully attend to every dr- 
cumftance as I have done, I have no doubt they will find, 
the fame refults ; but they miift alfo apply their obfervation 
to much fmaher circumftances than have been here fpe- 
cified, as the intervention of a fingle hair, a fibre of down, 
or even a little vapour arifing from perfpiration or other- 
wife, will, where great exadnefs is required,, fometimes. 
prevent the fuccefs of an experiment; and by that means 
miflead the obferver,or afford a fubterfuge for a miftakeur 
hypothefis. 

Great RuiTel-ftreet, Bloomfbury,. 

November 12 , I777* 

N, B. The different diffances at which the point and; 
ball were firuck being exprefled- in fradions, p. 278. I 
ftiought it would be better to put thefe diffances in 
Whdle itumbers, that the ratio between them may morer 
clearly; ^ 

Sharpf point. Rounded end. 




2.5 

20. 

130 



220 


16 

260 


20 

8 q 


4 


Forty of thofe, parts are equal to one inch.. 

Meajuro^ 
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Measurements, &c. of the great Apparatus and Machinery.. 


Fceti In.- 

Length of the wire fufpended, which! 
conlifted of many pieces that were[ 
connedted by twifting the feverali 
ends together, - - y 

Weight of the wire,. - - 

Twenty-one pieces of this wire, laid’ 

parallel and clofe to each other, ? l* 

meafnred exactly, - 
Surface of the whole wire in. fquare feet. 

Length of coiled wire, which was fuf - 1 
pended allb, but in a form Ibme what [ , 
refembling a fcrew and of the fame ? ^ 
thicknefs with the wire above, , j 

Length of great cylinder, including} 
the brafs drums above, - / 

Diameter of this cylinder, - r 

Weight of tin-foil, whidh. covered} 

I la drums,' ’ - J, 

Surface of i i a drums in fquare feetl 
(including the fix ends) meafured, J ^ 


lbs. 


3Cfe 


5 , 7 - 


)Os 


I-55. 
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Space tlirougb. which the conductor) 
upon the model palled from its^ 
beginning to move, to the inftantf 
nearly of its being ftruck, - J 
Heighth of the frame from the floor, 
Breadth of the frame, 

Heighth of the two polls, on the top] 
of which were fixed two wheels, J 
Diameter of the great wheel, 

Diameter of the fmaller wheel, fixed! 

upon the fame axis, - j 

Length of frame on which the model ] 
moved, „ _ - J 

Diameter of the pulley that was fixed' 
between the two polls, which deli- 
vered the line from the model to 
the greater wheel, the center of ► 
which pulley was two inches and 
an half above the center of refif- 
tance in the model, 

Greater weight to draw the model, 
Smaller weight, - - 

Weight of the model, - 


Feet, In. 


7 7 

3 

I 3 
lo 6 

I II 


i8 a 


Upon 
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5*. ^ Report of the Committee^ appointed by the ROyaPStr^- 
ciety, to conjider of the moji effe'Siual method of fecuring -^ 
the Powder Magazines at Purfleet againji the -EffeSIs.: 
of lightnings in compliance with, the- Requyji of then 
Board of Ordnance, . 

IT being referred, to us to confiderj whether any.' 
thing more than what was. formerly diredled by tho:* 
committee of the Royal Society in, the year 1 77 a . -can bfe.f 

\ ■ doheiv 
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done, for the prefervation of His Majefty’s magazines at 
Piirfleet: we, having attentively examined the experi- 
ments and ohfervations of Mr. wilson, contained in a 
paper referred to the Society by the Board of Ordnance; 
and having maturely confidered the fubjea at large, 
fubmit it as our opinion. 

1 . -That it is very improbable, that the powder maga- 
zines, guarded in the manner in which they are at pre- 
fent, fhould receive any damage from lightning. 

2 . That they would be ftill lefs liable to be injured if 

three other elievated pointed rods, fimilar to thofe already 
erefled, were to be fixed upon the roof of each of the 
five n|agazines, between the extreme rods, at equal dif- 
tances from each Other, with three ftrips of lead, about 
one foot in breadth, ftrongly connedted with them, and 
carried down the roof, from the ridge to the eaves, on 
each fide of the building; thence two of them to be 
continued into the earth, and to termin^e at the bottom 
of wells; one of which fhould be dug for that purpofe 
nearly in the niiddle of each of the intervals between the 
maga 2 ineS^t to contain at leafl four feet of 

water. The nal|(|pp be connected with the 

iron rod ovef the doofy' heir^ter to be mentioned. 

' alfo advife, that uther high pointed - ro^s be 
eredted; one at each Of the' fo^^ and one over 

. '''.each 
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each of the metal doors in the middle of the fides; 
which latter fhould be bent, fo as to avoid the doors, in 
the fame manner as thofe which are already placed upon 
the outward fide of the outermofi; magazines. All which 
rods Ihould be continued into the earth, and be made to 
communicate with the bottom of the water of the neareft 
wells, by means of leaden pipes, clofely conneded with 
thefe iron rods. Like wife, that ftrips of lead be put 
upon the copeing of the end walls, and be made to com- 
municate with, the rods to be placed at the feveral cor- 
ners as above direded. 

3. But that the greateft degree of fecurity would be 
attained by covering the whole roof, and the tops of the 
end walls of each of the five magazines, with lead; 
eroding all the additional conduding rods above di- 
reded; and forming a communication between the 
leaden covering of the roof, and the bottom of the wells 
as before mentioned. 

As to the other buildings belonging to the magazines 
we recommend : 

I. That a pointed rod, fimilar to the reft, be ereded at 
each end of the proof-Houfe, and be united with the lead 
already there : allb, that the lead on the roofs of the two 
low buildings, deftined for the reception of the empty 
powder calks, &c. be conneded with the wolls by 

VoL. LXVlil, Sf of 
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of one ftrip of lead-in the middle of each huilding, of 

-the fame breadth as thofe above mentioned. 

2^ That a pointed rod of copper, about three quarters 
of an inch in diameter, be eredled on each of the four 
chimnies. of the Board-houfe, reaching five, feet above 
them; and be connected, by ftrips of lead,Avith the other 

lead upon the roof of the building.. 

W e do alfo advife in general..! i . That the, lead and 
rods, upon the feveral buildings, . be refpedively con- 
neded with -the neared, wells, by the fliorteft metallk 
communication that can conveniently be formed ; in par- 
ticular, that the t'svo leaden fpouts of the Board-houfe, 
which do not reach the ground, but terminate in cift erns, 
be conneded,.by ftrips of lead, with thofe fpouts that do 
already communicate with water, a. That the different 
‘ pieces of which the iron rods may be compofed, be 
ftrongly fcrewed together in clofe joints, having a thin 
plate of lead between them, as direded by the firft com- 
mitteci 3. -That thefe rods be firmly fixed, and clofely 
conneded with the lead upon the roofs. 4.. That all the 
ftrips and pieces of lead be well faftened and foldered 
together, fo as t» make a perfed metallic communica- 
tion with the bottom of the wells. 5. That the iron rods 
be painted, except in thofe places where they are to be 
in contad with the lead; that they be all ten feet liigh; 

7 and 
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and that they be terminated with pieces of copper eighteen 
inches long, like thofe already erected: and, 6. tli^tthefe 
copper terminations be Yery finely tapered, -and as acutely 
pointed as paffible. 

We give thefe -diredtions, being perfuaded, that ele- 
vated rods are preferable to low condudiors terminated in 
rounded ends, knobs, or balls of metal; and conceiving, 
that the experiments and reafons, made and alledged to 
the contrary by Mr. wilson, are inconclufive. 

J. PRINGLE, P. R. S-. 

March 12, 1778, w. watson.' 

H. CAVENDISH, 

W. HENLY. ‘ 

S. HORSLEY. 

T. LANE. 

MAHON. 

EDW^. NAIRNE. 

JOSEPH PRIESTLEY, 
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XVI* 0^ Arithmetic of ImpoJJlbk ^antities. By the 
Rev. John Playfair, A. M. Commimicated by the 
Rev. Nevil Mafkelyne, D. D. F.R. S. and AJironomer 
RoyaL 


Read Feb. a6, rrijIE paradoxcs which have been intro- 
^7/^- i duced into algebra, and remain un- 
known in geometry, point out a very remarkable dif- 
ference in the nature of thofe fciences. The propofitions 
of geometry havg never given rife to controverfy, nor 
needed the fupport of metaphyfical difcuffion. In alge- 
bra, on the other hand, the doiffrine of negative quanti- 
ties and its confequences' have often perplexed the ana- 
lyft, and involved him in the moft intricate difputations. 
The caufe of this diverlity, in fciences which have the 
fame obje<5t, muft no doubt be fought for in th e different 
modes which they employ to exprefs our ideas. In geo- 
metry every magnitude is reprefented by one of the fame 
kind; lines are reprefented by a line, and angles by an 
angle. The genus is always fighified by the individual, 
and a general idea by one of the particulars which fall 
under it. By this means all contradiction is avoided, and 
2 the 
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the geometer is never permitted to reafon about the rela- 
tions of things which do not exift, or cannot be exhi- 
bited. In algebra again every magnitude being denoted 
by an artificiahfymbol, to which it has no refemblance, 
is liable, on fome occafions, to be negle^ed, while the 
fymbol may become the foie objedt of attention. It is 
not perhaps obferved where the cennedlion between 
them ceafes to exift, and the analyft continues to reafon 
about the characters after nothing is left wdiich they can 
poliibly exprefs : if then,, in the end, the conclulions 
which hold only of the charadters be transferred to the 
quantities themfelves, obfcurity and paradox mull: of ne- 
ceflity enfue. The truth of thefe obfervations will be 
rendered evident by conlidering the nature of imaginary 
exprelJions, and the different ufes to which they have 
been applied. 

a. Thofe expreilions, as is well known, owe their ori- 
gin to a contradidfion taking place in that corhbination 
of ideas which they were intended to denote. Thus, if 
it be required to divide the given line ab (fig. i.) = a 
in c, fo that ac xcb may be equal to a given fpace 
and if Aq=^, then which value of a? is 

imaginary when b^ is greater than \ now to fuppofe 
that b"" is greater than ^<2*, is to fuppofe that the re<9:angle 
AC XCB is greater than the fquare of half the line ab> 

■' -:V'Wiiich' 
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which is irapoffible. The fame holds wherever expreffions 

of this kind occur. Thus, when it is averted that^nity 

I -f" v^”*” 3 ^ 3 

has the three cube roots ^ » no 

more is meant than that when the general equation 

^3 (Z x~ ^ — T—O is, by a change in the data, reduced to 

^the particular ftate 1 x is then equal to unity only, 
and admits not of any other value, as it does in more 
general forms of the equation. The natural office of 
imaginary expreffions is, 'therefore, to point out when 
the conditions, from which a general formula is derived, 
become inconfiftent with each other; and they cor- 
refpond in the algebraic calculus to that part of the geo- 
metrical analyfis, which is ufually fly led the determina- 
tion of problems. 

3. This, however, is not the only ufe to which imagi- 
nary expreffions have been applied. When combined 
according to certain rules, they have been put to denote 
real quantities, and though they are in fai£t no more than 
marks of impoffibiiity, they have'been made the fubjedts 
of arithmetical operations; their ratios, their products, 
and their fum% have been computed, and, what may 
feem ffcrange, juft conclufions have in that way been de- 
duced. Neverthelefs, the name of reafoning cannot be 
given to a procefs into which no idea is introduced. 

Accordingly 
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Accordingly geometry, which has its modes of reafon- 
ing that correfpond to every other part of the algebraic 
calculus, has nothing fimilar to the method we are now 
confidering ; for the arithmetic of mere characters can 
have no place in a fcience. which is immediately conver- 
fant w^ith. ideas. - 

But though geometry rejeCls this method of inveftiga- 
tion, it admits, on many occafions, the conclulions de- 
rived from it, and has confirmed : them by the moft ri- 
gorous demonftration. Here then is a paradox which 
remains to be explained. If the operations of this imagi- 
nary arithmetic are unintelligible, why are they not alfo 
ufelefs.Ms inveftigation an art fo mechanical, that it may 
he' conducted • by certain manual operations ? ^ or is truth 
fb eafily difcavered,. that intelligence is- not neceliary to 
give fuccefs to our refearchesh Thefe are difficulties* 
which it is of fbme importance to refolve, and on which 
much attention has not hitherto been beftowed. Two^ 
celebrated mathematicians, Bernoulli and maclaurin^ 
have indeed touched on this fubjeCt; but being more in—, 
tent on applying their calculus, than on explaining thes 
grounds of it, they have cmly fuggefted a folution of the 
difficulty, and one too by no means fatisfatStory. Theyi 
alledge that when imaginary expreffions . are put- toi 

{ a ) Op, j. BEE.N..tQm, L N“ 79* maglavr. Fl«x, 8rt. 695—763. ; 
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denote real quantities, the imaginary characters involved 
in the different terms of fuch expreffions .do then com- 
penfate or deftroy each other. But befide that, the man- 
ner in which this compenfation is made, in expreffions 
ever fo little complicated, is extremely obfcure, if it be 
confidered that an imaginary charaAer is no more than 
a mark of impoffibility, fuch a compenfation becomes 
altogether unintelligible : for how can we conceive one 
impoffibility removing or deftroying another r Is not this 
to bring impoffibility under the predicament of quantity, 
and to make it a fubje6l of arithmetical computation? 
And are we not thus brought back to the very difficulty 
to be removed? Their explanation cannot of confe- 
quence be admitted ; but, on attempting another, it be- 
hoves us to obferve, that a more extenfive application of 
this method, than had been made in their time, has now 
greatly facilitated the inquiry. We begin then with 
confidering the manner in which the imaginary expref* 
lions, fuppofed to denote real quantities, are derived ; and 
the cafes in which they prove ufeful for the purpofes of 
invelligation. 

4. Let be an arch of a circle of which the radius 
is unity, and let c be the number which has unity for 
its hyperbolic logarithm, then theffine of the arch or 

lin. 
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fin. ? s-no col. ^ ^ . Thefe 

exponential and imaginary Values of the fine and cofine 
are already well known to geometers ^ and the invefiiga- 
tion of .them, according to the received arithmetic of 
impoffibie quantities, may be as follows. 

Let fin. a=z. theni 3 ^=- 


) ^ To bring this fluxion 

y^I 2J" 

■under fuch a form that its fluent may be found by loga- 
rithms, both numerator and denominator are to be mul- 
tiplied by v/- 1 ; then a 1 x -7==. , and (by form. 

\/ ^2“ 1 

. Hence 


5+^/2“ 


6. HARM. Men.) £?=%/- 1 X log. 


V— IJ 


or 


I X 


■V/- 


- T l°g- 


5 4\/g^— I 
.. V— 1 • 


and becaufe i is the log. of c, 


5 wherefore, if both parts of the fradlional 
index' of ' C he multiplied' by Vr- 

. Again, if the arch a be conlidqre 4 ^ ^sgativ^ its fine be- 
comes alfo negative, ^ap4 therefore^ -a = \/ — j x log. 




SS*— -I 




, nr,. — £ x: ri'lc^. 



log. ; whence’i{r4 

this e4natie^ ^ ':^fther”be taken away, there remains 

Ht'Viding by a-s/’—i We' 

' S’?'; ^ ^ 

have z=fm<ia± 
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equations a value of the cofine may be found in the fame 
imaginary terms which werp afiigned above. Now by^ 
means of thefe expreflions many theorems may be de-r 
monftrated; it may, for example, be fhewn, that if and 
^ are any two arches of a circle, of which the radius is, 

unity, ,then fin. a x cof. b — — — . For fin. 

and cof. b - , therefore, fin. a. 

^ — I — . ir— ^XisA-r-I -f-, — t 

X' cof. b ^ " =^' 

fin. a^h fin. a — b 
1 * 

2 ' %■ ' ' ' . ■ 

5-. Now-it may be obferved, that the imaginary value* 

which h^ been found for fin. a was obtained by bring- 
mg a fluxion, properly belonging to the circle, under the 
form of one belonging to the hyperbola. It may, there* 
fore,, be worth, while to. inquire, whether a fimilar ex- 
preffion may not be derived from the Hyperbola itfelf. 

Let BAD be a“r€6langular hyperbola (fig. 2.) of which 
the cdQter is c, and the femi-tranverfe axis ACi: i ; let b 
be any h^jp^thola, join- BC^ and let be be an 

ordinate. ; Then, "if ' ^ fodlor. 

ACB =1^ an^, that : 'whence 

0 = ^og,-%+ 

he taken on the other fide tifUh^lrJffltl^erfo axi?, a and z- 

. ■ ■■ '3 , -VV,:. 
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become negative, and ^+V i+5j\ Hence z — 

in like manner the abfcifs belonging to acb, that 
is CE = —r ^ — . Thefe values of the ordinates and abfciflfe 

differ in nothing from thofe of the fines and cofines 
already found, except in being free from impoffible 
quantities ; for it is evident, that the quantity a is related 
in the fame manner both to the circular and hyperbolic 
fedtors. If noword, and abf. b denote the ordinate 
and abfcifs belonging to the fedtors \b refpedtively, 

- ^ , Ca — t — ^ ^ — L — — h\ — 

ord; a x abi. b = — “ x — — = ~4~ ^ 

ord* aA-b ord* a — b 

6. The conclufions in both the foregoing cafes are 
perfectly coincident, and the methods by which they 
have been obtained are fimilar; though with this dif- 
ference between them, that in the firfl: ^1 the itef« are 
unintelligible, but in the laft l|gniiis^nt. If then, not- 
withftanding a difference wliieli m^ expefted fo 

majei^ly to _afie£t their conclufions, they have been 
equahf fucc^ftd.^ip the difcovery of troth, it cap be 
afcrib^pply tqpbe an^ogY which takes place between 
the fuhje^s.ojf inveftigatipp; an analogy fo clofe, that 

■^e may, with certain 

' ^ “ every 


every prope^ hfelqn^ng to tpe 
reftii€hons, 
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every imaginary expreffion, which has been found to 
belong to the circle in the preceding calculation, is by 
the fubftitutioa of real for impoliible quantities, or of 
■\/i for I, converted into a propolitroa which holds 
of the hyperbola. The operations, therefore, performed 
with the imaginary characters, though deftitute of mean- 
ing theitifelves, are yet notes of reference to others which 
are fignificant. They point out ihdireCtiy a method of 
demoiiftrating a certain property of the hyperbola, and 
then leave us to conclude from analogy that the fame 
property belongs allb to the circle. All that we ;are 
affured of by the imaginary inveftigationls,, that its con- 
clufion may, with all the ftriClnefs of mathematical rea- 
fodihg, be proved of the hyperbola; but if from thence 
we Would transfer Uhat conclufidn to the circle, it rnuffc 
be in confequence of the principle which has been juft 
now mentioned. The inveftigation, therefore, refolves 
itfeif ultimately into an arguinent from analogy ; and, 
after examination, ^ill be found without any 

other daim m of demoriftration. Had the 

foregoing prupbiifbh i)ib^ed of 'thfe hyperbola 
only, and afterwards to hbid of the circle, 

merely from the affitUtf^Uf^b its chrtairity would 

have been precifely the fatU^ ^ ^hti 'a.|irdo£ is made 
®ut by the interventidn of uha^irf' ■fydabblsl*’' ' ' 

4 '8. Though 
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8. Though it might readily be coucliided, that the 
fame principle on which the foregoing inveftigation has 
been found to proceed, extends itfelf to ail thofe in which 
imaginary expreflions are put to denote real quantities, 
it may yet be proper to make trial of its application in 
fome other inftances. 


Let AB, Ac, AO, AE (fig* 3 *) ^® arches of a circle 
in arithmetical progreilion, and let m be their number; 
it is required to find the fum of the fines bc,, ch, &c. of 
thofe arches. Let the radius af = i , ab = < 2, and the com- 
mon difference of the arches, or BC=Af; the fum of the 
feries fin. a+€m. a+x + fin- a + 2^" + . (m) is to be 

- J . .. I 

found. Now, 
fin. a X = 


becaufe fin. a 

f a-J-ArX )/ — t c—r^^—xX \t — I 

, ^ 2^ j = • 


av'- 


and 


See.; the feries 


fin. a + fin. a + x + fm. a + 2x , . ... (m) = 


1 +'«?• 


■Xi/- 


+ c- 


‘.xy^- 


I ■i-C- 






-a x\/- 


. But thefe feries are 


both geometrical progreffidns, and the fum. of thefirli is 
'X .and of the fecond, 




The fum df tlie i^rop'^ed feries therefore 






i—fV— J — 


2%r- 




'■•M' 1 


a/— * • 



•xX a/^i 
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, <f— ^ a / — mxX a / — I ~|- c — v^-^l - 


-^V — ^ — c — ^^/ — 1 4" I 


Un which, expreffion, if the lines ‘he fiibllituted for their 

s imaginary values, we have 

■'fin.* -f MX — fin, g — .y 4« fin> a + ^ ^ 

a x I — coi‘. fc 


slin. <3!+fin. a+>r + fin. . . (^9^)* <li e* i- 

■vWhfeh AB=BC, or ct^Xy the propofed feries becomes 
fin. A? + fin. 2 AT + fin. 3 A? (jn)y and its value = 


gn. x-^1in, m+ 1 Xx+fin. 
2 X i — coi. 


In like manner it will be found, that the fum of the 


CO lines of the fame arches, or cof. a + cof. a+x+ cof. .3 ^+ 2a; 

cof. a — cofi — cof. a-^ cof. a~\- mx — x 

2 X I -* cof, a: . 

and when a— x, cof, x + cof. ix + cof. 3 at .... . (m) = 

cof. mx—co{,m +i XX I 
2X1 cof. ^ 



9. To folve the fame problem, in the cafe of the hy- 
perbola, we mull follow the Heps which have been traced 
ora:, pfey IS imaginary operations. Let abe be an 
eqailat^l hypesrhola (fig,. 4..) of which the center is F, 
and the tranj&renfe a^$ A?=iX3 let abFj ace, adf, 8tc. 
be any feaors ^ arithihetiical progrefiion, and let m be 
their nurnber j'itis'ii^^red' tp find the fum. of all the 
ordinates bg, qH,:DK, icc. ’^qngingtlwfe fe<^^ Let 

the le<Slor afb.=:|‘< 7,’ and ,the. fbsSibr ;BF.c/‘''Which is the 

' ■' '■ , ‘.,.y . ■ ■' 

^ ■ . common 
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common difference of the fedlors, then bg, or*' 

— I — a ca:\-x: — a — xr 

ord. a - — — , and ch, or ord. a+x=- by art. . 

5. Therefore, the feries of ordinates, that is, , 

BG+CH + DK+ ..... X I + + -. . . . . (m) - - 


-X I +<r ’‘+c~'^^+-, . . > (m} 


I-- I £ * 

^ -■ 

2 i 2 I C — ^ 


j CO, — 

==:-T X' 


...j. £ia-i*«i.v — x-^iT-^ i 






crd. 


• ord. a 4 - mx «— ord*. a — x 4- ord, a -4 mx — x '• 


When a = 


2X1 — abf. X 

ord. .at: + ord. aA? + ord. 3^?“-!'' {my= - 

* ord^ X — ord. i x ord, mx 

ax I — abf:;^ 

In like manner it. is proved, that the fum of the : 
abfciflae, that is, FG+FH+FK-f. . . . . {m) =- 

aW a — abf. a-\-mx—’Qbt a — 


2 X‘I- 


abt, X 
abf. mx- 


- j and when this -- 


- abf. i« 4 I XX > 


espreflidn becomes 

2 X 1 — abL ,*r . . 4:-' 

ro. The coincidence of the theorems.d^uced iii the - 
tyo laft articles is' obvious at firft fight, and if the me- - 
thbds by which they have been obtained bbipmjared^ ., 
if will appear, that the imaginary operations in the one * 

cafe were of no ufe but,as they adumbrate the real de- - 

* , / 

monftfatidn, which took ptoe in the other. This will ^ 
bb rendered mom evident hfvWn;fi<fering tbat the lefolu- - 

tion of the feries of %pefl»3^ jQ«4i^ twootheraa 

■ ' ' ■■ ■ ■ •■■■ ‘ 
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of contiinwl proportionals, ' can be eJcMbited geometri-^ 
callv. For, from the points a, b, c, and n, let am, bn, 
CO, DP, be drawn at right angles to the alTymptote fp; 
let GS produced meet fp in o^, and let br be perpendicu- 
lar to the conjugate axis FR. Then, becaufe the triangles 
FRS, FMA, are equiangular, af : fm :: Fs : fr; hence fr=: 

1^. xFs-— X FN - NB. Tor the fame reafon ch = 

FA'' 'FA 

— x.F‘o^,aiidDK=— xFP-PD. Therefore, bg+ch + dk 

FA 

FN + FO + FP-— X BN + co+DP ; now, FN, FO, FP, are 

continual proportionals, and fb alfo are bn, fo, fp, be- 
caufe the fedlors fbg, fcd, are equal* But in the circle 
lio' fudh refol^^ of the propofed feries of fines can 
take place, that feries being fubjed to alternate increafe 
afid diminution; on which account it is, that imaginary 
characters enter into the exponential value of the fine. 
Thofe charaders are therefore fo far from compenfating 
eadi other in the prefent cafe, as they ought to do, on the 

. fh’l^i^iohof BERNOULLI and MACLAURiN, that they ma- 

nifeftiy IferVe 'a4 marks of imjpoffibility. There remains, 
of coiifeqltience, the affinity between circular arches and 
hyperboliO are^ bf bftween tbe meafures of hngles and 
of ratios, as the the imaginary 

ihVefligation'can btbce€m‘^''it'qeM bbferved. 
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that the exponential value of the hyperbolic ordinate 
may be deduced from what has been proved in this 
article. 


1 1 . But as the arithmetic of impoiiible quantities is 
no w'herc of greater ufe than in the invef;igr.tion of 
fluents, it is of confequence to inquire, whether the pre- 
ceding theory extends alfo to ’that application of it. 

Let it then be required to find the fluent of the equa- 
tion where Q^denotes any fmi6tibn whatever 


of X. !For this purpoie, the following lemma is premifed : 
let X he any arch, and y? any flowing quantity; then, if 
the flgny", be taken to denote the fluent of the quantity 

to w;hlch it is prefixed, fin. x j'p mi. x~mi. x J'p fin. x- 

^ hy- 
perbolic fe6tor, ord. x Jp abf, a; — abf. x JPp ord. x =t 

f — X 

Jpc-^--Tfp<^' 

Becaufe fin. xj^pmi.x—-*^ 


iL 


-“Xlf — I 




— I 

X > 


feparatiag,, terms , we have fin. cof. 












' u jtL 3. , >■' ' 
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4 ^- 


fin. A?— 

■’Tt/ZIi 
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33 ^^ 

r-V— I P; 

tztJP 




4^—1 j r'' • Wherefore, by colle£tiiig the fiim of 

all the terms, we have fin. x J'pcoi.x-coCx J'p fin. x — 




'ifh 


-A' • 


-I 


J'pc^r'- 


ay/ ij JT'' 2V — I. 

The demonftration in the cafe of the hyperbola is free 
from imaginary expreflions; but, in other refpedts, is 
exa< 5 tly fimilar to that which has now been given in the 
cafe of the circle. 

I a. Let the co-efficient of y in the propofed equation 
be firfl: fiippofed negative, that is, let^^ = 0^, and if 
we multiply by ^ being a conftant but indeter- 
minate qutotity, it becomes —f - -a^c^^y x — c”^q^x. Let 

ffix ^ - By be aflTumed for the fluent, a and b being 

indeterminate, and let its fluxion be taken, then, 


+nKc”^y-n'Bc^"yx = c”^Qj!. 

Hence, by comparing the terms, we get a= i, ^ a- b = o, 

and b = ±^: for;? and b let 
the value + <7 he fubftituted, and for a, its value, 

unity; and the affuffi^d; equation becomes y 
y>^QW, ' 

multiplied by w being ipdetern^ate as bef^^ 
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c^>‘y—ac^^yx=c”^ The fluent of the firfi: 

member of this equation is evidently of the form 
the fluxion of which, ^oiz. d c^’‘y+'Dmc'^^‘‘yx being com- 
pared with the former givesD= I, and/;^=—(af; wherefore, 

c—axy~ J'(r~'^°>‘xJ'c^^Qjc^ ovy-c‘^^x q^x. 

Let c^^cix—z, and c qjk = 

J'zi-zv- J' vz\ but v= fuppofing that v and 

X vanifli at the fame time; therefore vz -fvz= 

T' C f* T-r f* 

—J cr-‘^>= (ix - —J c‘^^<ix. Hence = -J - , 

^^ J'c^^Qjc. This value of^ is fufficient for the con- 
flrudtion of the fluent, becaufe the quantities 

an &fc depend on the quadrature of the hyper- 
bola; but if we would introduce into it the ordinates 
and abfcifles of that curve, we need only have recourfe 
to the foregoing lemma, from which it appears, that 

ax J'ojxrabLax-- ^ -!^^ 

13; Let the co-eHtieht of y be now fuppofed affiifna- 
tive, or let In this cafe imagih^^^e^ 

are introduced into the fluent, and the con|l^<Stion by 

U u a ' , ■ ■ ,;<;V 
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the hyperbola becomes impoffible. For we have then, 

n-±a\/-i, from which, by proceeding as above, we get 


alfo, by the lemma, y - fin. ax J' qj: cof. ax - 
cof. ax j'<qx fin. ax. Here the quantities, y ’ qjc cof. ax,^ 
and j'<qj! fin. are affignable by the quadrature of the 
circle, in the fame manner as J' (qjk abf. and 


ord. ax,, by the quadrature of the hyperbola; but 
the method of inveftigating them, though an illuftra- 
tion of the principles which we have laid down, is too 
well known to need to be inferted here. In like 
manner might the fluents of innumerable fluxionary 
equations, comprehended under the general form 

^ ^ + 8 ec.be deduced,and all of them would 

tend to prove that the arithmetic of impoffible quanti^ 
ties is no more than a method of tracing the analogy be- 
tween the meafures of ratios and of angles- m. m. 
EULER'^^'^and D’ALEMBERT^'Vere the firfl: to integrate fuch 
equations as the preceding, and the method employed 
here differs from theirs only by being better adapted to 
illuflxate the principle which is common to them all. 

(h) Nov. Corn. Petrop, tom. Ill, ‘ Theoric de la tone. ' 

y 14. The^ 
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1 4. The forms in the Harmonia Menfurarum might 
alfo be brought to confirm this theory; but, without 
accumulating inftances any farther, it may be fufiicient 
to remark two confequences that follow from it : r . That 
the only cafes in which imaginary expreffions may be 
put to denote real quantities, are thofe in which the mea- 
fures of ratios or of angles are concerned. 2. That the 
property of either of thofe meafures, fo inveftigated, 
might have been inferred from analogy alone. Now 
both thefe conclufions are agreeable to experience. It 
does not appear, that any inffcance has yet occurred where 
imaginary characters ferve to exprefs real quantities, if 
circular arches or hyperbolic areas are not the fubjeCls of 
inveftigation; and if the cOnclulion obtained may not be 
transferred from the one to the other, by a mere fubfti- 
tution of correfponding magnitudes; that is, of fines for 
ordinates, cofrnes for abfcifles, and circtilaf atches for the 
doubles of hyperbolic feCtors. The affinity between the 
circle and hyjf^rbola is not however fo clofe, but that it 
is fubjeCt to ceirtain lirnitations, from confidering which^ 
the truth of what is here afferted will be rendered morO^ 
■•evidenfo:: 

I. Any propofition demorffirated of hyperbolic fee- - 
tors may be transferred to eircular arches bf ffibffiffition : 
alone, without any char^' the:, only 


I 
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abfcilTae and their products enter into the enunciation, 

and converfely^ 


. „ •% 1 r* 7 3.br. • abr. 

Thus abf. a x abf. ^ — - — 4.*— — ^ 


- ^ r* y * cof* f?— 

and coi. col. ^ -f — — 


The fame holds 


when the limple power of the ordinate is combined with 
any power whatever of the abfcifs : fo in the theorems 

1 r j o’’d- % 

of art. 5. and 4. ord. a x abl. b = — ^ ^ — ; and 


^ ^ . fin. a-\-b fin. a — b 

lin. a X col. b — — ^ — + — - — 

2. When an expreffion containing any property of 
hyperbolic fedtors, involves in it the redtangle of two or- 
dinates, the- value of that .redlangle mult have a con- 
.trary lign, when a tranfition is made to the circle. Thus 

ord.:^ X ord. b - — y — - — but lin. a x lin. b =; 

_ — The difference which according to 
this rule is found between the powers of ordinates and 
of lines may be feen in the following examples. If 

denote my hyperbolic fedtor, then, by involving — ^ > 
and again fubllituting for the exponential quantities as 
dn;art.'5. 
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__ 5^~S 3^+10 ord. X _ 

orci* ^ • 
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, and univerfally, 
if n be any number; a tbe co-efficient of the fecond 
term of a binomial raifed to the power b the co- 
efficient of the third, 8 cc. andj!> the greateft co-efficient t: 
when n is an even number, 

zh{, ntc — a shf, n- 


ord. X 


-2 XA'+i> abf. w — 4 X .V q=j&. p 






but when n is an odd number. 


ord. X 


ord.nx — a ord« n — 2 x x+b ord. n — 4 x y . . ..... ::ppQrd,x 


2 *--i 


If now X denote an arch of a circle, by fubffituting and 
changing the figns as oft as ord. x occurs in any of the. 
preceding expreffions, we get 

® ' ' I — iCof. xx' 

nil. X = - — ; . 


lin. X 


3 fin. X — lin. ^x 

“ ' “T” ' 

3 — 4 cof. 2 *[+co£4^^ 


lin. X 

~z ^ 10 lin.*' — e fin, 3 Jf 4 -lin. Ca' , . - . 

lin. AT = -- 15 '- ^—" — and umverfally, if. 

n be any number,/* the greateft co-efficient of a binomial 
raifed to fhe power », a the co-efficient next lefs than/>, 

B the co-efficient inext^^^^^^^ than a, and fo on; when/? ; 
is an even number,/;. 

, llll. 'X' ^ ^ ■ i'" r f ; 

i'' hut wJieii n is un odd^Ilul^^ 

p fig, X—A 




lin* X 


2 ^. ■ 






% 




iThefe 
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Thefc leries differ froiw tlie, former only in the figns, 
anti the arrangement of the terms ; and when either 
or is divifible by 4, the figiis remain the flxme in 

both. 

16. The reafon of the foregoing rule for changing 
the figns is, that the recliangle under two 01 dinates to 
■ the hyperbola is always exprelled by the diii'oi Ciiue of 
two abfciiTte: and that if from the abfcifs belonging to a 
greater feaor, he fubtraaed the abfcifs belonging to a 

lefs, the remainder \yill be afErnaatiye;, whereas, if from 
the cofine of a greater arch- be fubtradled the cofine of a 

left, the remainder will be negative. Therefore, that the 
, rectangles, exprefied by thefe remainders, may have tlie 
Tame fign, in both cafes, the figns of the remainders muft 
she different. 

It appears then, that the fecond rule, as well as the 
-firff, is founded on the principle of: analogy when taken 
’with the necefiary limitations, and it is like wife evident 
te inftances which have been produced, that thofe 
rules lead to the very fame conclufions which are oh- 
tained ffdm the itnaginary values of the fine and cofine. 

There are, hb^srefer, inftances in which the analogy 
between the cirdtilar anil hypertolic areas being wholly 
interrupted, neither tlib fdr^ping nor any of the 

Tame kind, can. be appfied f 
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guity for the conftru6lion required in fuch cafes is by its 
nature reftri6i:ed to one of the curves oiilr. Of this kind 
is the Gotefian theorem, which requires the whole circle 
to be divided into a given number of equal parts, and 
therefore cannot be extended to the hyperbola wlicre a 
iimilar divilioii is imi 3 oiribIe. Others of a like nature 
may be derived from the general theorems already in- 
veftigated; for the circle, by returning into itfelf, often 
reduces them to a limidicity to which there is nothing 
analogous in the hyperbola. Many_examples of this 
might be adduced, but the two following may fuffice. 
I. Let ABODE (fig. 5.) be a regular polygon inferibed in 
a circle, and let m be the number of its fides; it is re- 
quired to find the fum of the lines fa, eb, fc, &c. drawn 
from any point f in the circumference, to all the angles 
of the polygon. By the method which in art. 8. was 
employed to obtain the fum of the fines of a feries of 
arches in arithmetical progreffion^ it will be found, that 
the fum of the chords of the arches a, < 2 +^, 

. . . . (m), that is, (making fa=< 2, and ^E=ar) the fum 


of the chords - of the arches f a, fb, fc, Sec. 


lent cafe, mx is ,equ^ dp the.qiroprnference, and thefefone 
T-cho. a-Ymx- ^ ^dLgreater tl^ 

,/ .voL. Lxviii. " g'b-vtho 
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the circumference being negative) ; and, for the fame 

reafon, cho. a-^mx—x--<^o. a- +ch o. x~ a. Hence 

cbo. — a 

the general exprefiion becomes — - fa4-fb + 

FC+ . . . . W- If therefore gk be drawn from the 
center, bifeaing the chord ab in h, and meeting the 
circumference in k, the fum of the chords, that is, 


FA + FB + FC + FD + FE = — x GK. 

(2. Let n be an even number, the reft remaining a& 
above, and let it be required to find the fum of the 

powers of the chdtds, that is, the fum bf fa +fb. +fo 
. .... int). By feafoning, as in the cafe of the fines, 
it mil appear that, if p be the greateft co-efficient of a. 
biiiomial raifed to the 'power a the co-efficient neKfc 
lefs thanp; B the cO-efficieht hext lefs a. and fo on, then. 


cho. a =:p — 2 A cof. fl+2B cof. aa-f 2° cof. 3ir4- &c, 

' cho. —p — 2 A cof.a-i-jr4-2B cof. 2Xa+^'i-2D cof. &C. 

cho. :z-p— 2 A cof. a+x+ % b cof. 2 X,«4- * *■+■ 2 ^of. 3 X «+ 2 8cc, 

'&c:' 

Each of thefe vertical columns is' to be contintied down- 
ward, till the nhiiih|r Sf fethtS-he equal to and there- 
fore the fum nffthdlecpiM fe The fum of the third, 

or of - 3 A x:cofi' • . . . , , 


art. 8. is —Wa x 

'(becaufe«^;v=the 


circumfereijce) 





Arithnetic of impojjible ^antitJes, 341 


cof. a— cof» cof. a — js'+cof* a — x 


: o . In like manner do 


I — cof. ;«■ 

the fums of all the fubfequent columns vanilli; arid 

therefore, cho. c^ + cho. a-f-x+cho. a+ zx {m^—mp. 

But when n is an even number, 

~ l AAl • M- , - A~1 X 2 If therefore the radius be put 

=: r, and the expreffion made homogeneous, we have 

.... m X fff -rr X 


f/z+i \n-rz 

- X- 

-1 — % 


FA +FB +FC 


•2.3.4. 


E. I. 

.This lafl coincides with the forty-firft of the curious 
and -difficult propofitions publifhed by Dr. stew art, 
under the title pf general theorems; it is given there 
without ,a demoiiftratioii, but appears plainly to have 
been jnveftigated, in a manner altogether rigorous, by 
that profound geometer. It n;iay therefore bp regarded 
as ope of the intances, in yi^^lich the conclufiohs of this 
imaginary arithpietic .ure j hy the geometrical 

.anp^yhs. ^ 

^ 

,|>een, endeavouring to 
that they 

Arp 

, %'% k ■‘■‘fk . , V- '' to 
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to the circle and hyperbola, and that it was into the in- 
vefiigation of thofe theorems, that the imaginary expref- 
lions were introduced. 

The conclufions therefore from the whole are thefe ; 
that imaginary exprellions are never of ufe in inveftiga- 
tion but when the fubjeft is a property common to the mea- 
fures both of ratios and of angles ; that they never lead 
to any confequence which might not be drawn from the 
affinity between thofe meafures; and that they are in- 
deed no more than a particular method of tracing that 
affinity. The dedudions into which they enter are thus 
reduced to an argument from analogy, but the force of 
them is not diminillied on that account. The laws to 
which this analogy is fubjed ; the cafes in which it is 
perfed, in which it fuiFerS certain alterations, and in 
which it is wholly interrupted, are capable, as may be 
concluded from the ipecimens above, of being precifely 
afcertained. Supported on fo fure a foundation, the arith- 
metic of impoffible quantities will always remain an ufe- 
ful inftrumeiit in the difcovery of truth, and may be of 
fervice wheh wm^ ahalyfis can hardly be applied. 

For this reafoh, ffiah^ fefetdhhi Gbn^ which in 

themfelves might be debmed abfiipdj'are heverthelels not 
deftitute of utility. M. :SFRNdUhL3t has fouhd, for exaiU* 
pie, that if r be the radius of a the circumfepehce 


I 
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^ 4 log- V— ^ ^ . and the fame may be deduced from art. 4. 

ConfidTred as’ a quadrature of the circle, this imaginary 
Lrem is wholly infignificant, and would defervedly 
pars -for an abufe of calculation ; at the fame time 
learn from it, that if in any equation the quant.ty 
ha- fhould occur, it may he made to difappear, by 

the fuhftitution of a circular arch, and a property, com- 
mon to both the circle and hyperbola, may be obtaine . 
The fame is to be obferved of the rules which have been 
invented for the transformation and reduaion of impof- 
fible quantities'-^: they faciUtate the operations of this 
imaginary arithmetic, and thereby lead to the ^owledge 

of the rooft beautiful and extenhve analogy which the 

docftrine of quantity has yet exhibited. 

f.J Thsw.«cha, «f»,e4 rrfactagCc lool. 

of an eq[uation to the form A+Bv'--Iv 
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Xvn RefieBlons Oft the Cofnfftuntcation of Motion by ItH 
' paa and Gravity. Sy the Rev. Ifaac Milner, M. M 
Fellow 0 / Queen’s College, Cambridge. Communicated 
4;, Anthony Shepherd, D.T>.R.R.S. and Plumian 
Profeffor at Cambridge 




Read Feb. HE tbeofy of moviiig bodies was little 

^778- 1 underftood by the philofophers who 

iived 111 &e fixteentli century. They dbferyed, that a 
fe once put into motion, continued to move for feme 
tifoemer the force was impreflbd; but they argued very 

ftrangely from this ordinary phsenomenon. Far from 

confidering the air as a refitting medium ; they fuppofed 
with ARISTOTLE and the anckuts, that it was the perpe- 

of'the*atmotpherd'^^ con- 
tiniffiS^t^ the body f(^:7swd«iid_preforVd hs'motion. 

When a .fedy is 

horizon, the gravity As is always obferved to 

bend the direafon a curve line f and 

becaufe this gravity fame, what- 

ever the force of projeaioii be^ in very fwift motions, the 
figure defoiibed may appm^|kry nearly fo a Ihk. 
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This laft circumftance induced feme of the philofbphers 
we are fpeaking of to believe, that a cannon ball, for in- 
ftance, always moves in the fame ftrait line till its velo- 
city is entirely deftroyed; and that afterwards it defeends 
towards the earth in a diredtion perpendicular to the ho- 
rizon. Others thought they mended the matter by fuf- 
pending the a6tion of gravity for a certain period only ; 
by allowing the latter part of the path to be curvilinear; 
and laflly, the body to defeend to the earth in a ffraight 
line, as in the former cafe-. We, in thefe days, who have 
feen the gradual improvements in mechanics from time 
to time, are not furprized, that men, in the infancy of 
that fcience, ihould have embraced abfurd and ridiculous 
principles : we rather wonder, how the author of the 
notion juft mentioned was able to form any juft eftimate 
of the horizontal ranges of .pr9je£tiles, iand to difeover 
their . Whethef by conjedturej or pfohabihty 

nf iiidudtion, we are unable to determine ; but fo it was, 
tartalea affirmed, what has fince been found true upon 
iunexe^pioaable evidence, that the amplitudes; of pro- 
jedtiles upohitfe^ ,^^^zon are . always ;greatefl: when the 
'^Ingles of proje^i^'^e^eqiial to 45°. But the pr^e of 
friiis difeovery, as wehjii 
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is juftly dtie to the incomparable galileo. The theory 
of mechanics had received no confiderable impiovement 
fuice the time of archimedes, when this iurprizing ge- 
nius appeared in the former part of the fe venteenth cen- 

tnry. He difcarded the peripatetic philofophy ; explained 

the whole dodrine of accelerated motion and ot projec- 
tiles: in a word,- he fo much exhaufted the fubjec% that 
the beft treatifes we have at this day are little moie than 
a repetition of Galileo’s difcoveries. 

This philofopher, as far as we know, never attempted 
to inveffiigate the laws h^f iwhich motion is communi- 

eded The celebrated des 

is the firft we hear of who gave any attention to 
yiiiii^et;'^'and the.;reftilt of his enquiries is what might 
fi^afonably be expeded from fo whimfical and romantic 
a genius; he blundered in this, as in all other cafes, 
where he was not confined to pure mathematical rea- 
‘ClfiEicounttymanj Dr. WALLiSj-made-a real-pro-- 
gfefe m this foiende^by difoovering t^ law 

in the commnnica.tidn ofirnotipn, 'niz. that adtion is equal 
to rer-adipn, anfi. alvs^^^yi^ diredions: lyREN, 

'■ BurGEN's;ricqnfirnj^vf|b€;‘^^ thing'*, and the ' whole 

theory of the collifioBt^f. bodies, and their mutual adions 
upon one another, feesaed. ;tO be j'advancing faft towards 

perfediom ■ . . -l: I' 

. ' V ' '-n'' But 
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Blit a new opinion was now ftartedby M. Leibnitz 
concerning the forces of bodies in motion . The force of 
a body in motion and its momentum had hitherto been 
coniidered as fynonymoUs terms, and had alike beenmea- 
-fured by the quantity of matter and velocity conjointly^ 
On the contrary, leibnitz and his followers affirmed, 
that the force was proportional to the quantity of matter 
in the moving body and the Iquare of its Velocity. It is 
needlefs to relate all that palled on both fides : fb ma-< 
ferial an oppofition in fentiment necfelTarily produced 
very fvarm contention'; and; as it generally happens in 
Other diiputeB, w'e do not hear of any. convidfion being 
■produced on ■oither 'fide. . ' 

After furveyrng the arguments of the difputants, it is 
not eafy to fay, whether fhe agitation of the queffion 
diefore us has contributed to Tetand or advance fhe pro^ 
;grefs'''lif‘f fifth "and’fclence. ' '■f3n'tl3ehn<6^'hani^:'.;4n'any 'in- 


genidus espeiiments have been made, many curious pro- 
blems invented and refolved, which probably would 


■fieVef 5hce have been thought 'Of b'f haeh Were in 

The puffUh off fnith iri a more cOoha^^*OTWiefafe wayt 
and, oh the ofIreT’‘hahd,-it m^y .he affirmed, that 
''ihc' ifiOlehde.;of has To -much 

elotid^ fhe feafoinhgS o^"^iih b4ft 'wtiW^ that we fenli- 
hi jr feel their mdueh^' t^^ls day. 1 rceed nbi difSethh^h* 


fToL. hXVIIL 


V / ! 
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it is a ferious jierfualion, that the laws by which raotion 
is conimmiicated are ftiil very materially miftaken by 
fenfible perfoiis, that induced me to throw together the 
following hints, and to lay them before the Royal So- 
ciety. The right underftanding of thefe laws is of the 
laft importance in pradtice: the good or bad fuccefs of 
fome very expenlive projedls has depended iiiaon it ; and 
certain excellent artifts have been difappointed in the 
execution of their plans, and unable to reconcile the ap- 
parent contradicition between theory and experiment. 
From the length of time, which has elapfed fince Leib- 
nitz firfl: advanced his new opinions, and the abilities of 
the philofophers who engaged in the contefl:, one might 
have, expected, that the whole matter would long before 
this have been cleared up in a fatisfadtory manner; efpe- 
cially when w'e conlider, that the communication of mo- 
tion from one body to another is what every moment 
l:^a|||||ns|^ef^^ eyes,, and that particular experiments 

with the greatefthnqiplicity and 
convehienCe; T rational mechanics however 

is not yet geneiMy we may fairly pre- 

fume from the difference which ffcill fubfifts 
among the learned. h to me, that 

no new experiments ^e .wapting; no new geometrical 
reafoiiings or conffcindtionsf the improved parts of geo- 
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inetry have been already applied to the theory of motion 
in niimbeiiefs cafes, and a variety of well attefted expe- 
riments have been clearly explained to ns by authors. 
The laws of motion, in certain cafes, are inconteftable, 
and no author of eminence contradidls them : it is from 
a miftaken application of thefe laws that a difference of 
opinion has arifen. It is obvious, that the laws of motion, 
as defcribed by Sir isaac newton, may, in a certain 
fenfe, be founded on experiment; and yet, if they are 
extended to cafes where they cannot be applied, the coh- 
clufions mulf ftill be erroneous. My defign in thefe 
pages is to point out diftindtly what is real in this dif- 
ference of opinion from what is merely verbal, and to 
explain the caufes of it. This, which perhaps will ap- 
pear to have never been done with fufficient precifion, 
feems to be the moft effedlual way of preventing mif- 


tahes. ' ©eometry and algebra will lead us wrong, if our 
principles are ill founded: experiment itfelf, if we are 
not extremely careful, will deceive us in forming a gd- ‘ 
nerai dedu< 5 tion, or what is called a law of nafure.' The 
controvefi&l Writings of moft able aiithof s will em- 

harrafs and perplex oiif Judgements; but when we have. 
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fliall both underftand the fubjedt better than we did be- 
fore, and be more on our guard for the future.. 

The firft law. of motion,, as expreffed. by Sir is a a a 
NEWTON, is unexceptionable:- nobody denies that a body 
perfeveres in a ftate of reft or uniform motion in a right 
line, till affedled.by fome external influencei It is the 
third law. of motion which has produced all; this con fii- 
fioiL and- perplexity. Adtionf contrariara^ femper et 
« aequalem. effe readioiiem: five corporum duorum ac»- 
“^tiones in fe mutuo femper fequales et in partes con-- 
^ trarias dirigL” Theie. words of Sir isaac. newton:. 
Gbnv:ey to us-.as clear an idea as can polfibly be conceived 
withfo much concifenefs.. It mull however he confeffed,,, 
|ilS:iiluirad^ ianot lb very perfpicuous^^^.. To fay,., 
when a man pre^ a. Asm fiager,, hi.s fin- 

ger is. equally prefied ; and When. a. horfe draws a- ftone 
by a. cord,, the horfe is drawn -equally backwards* towards 
the is a-mofi: :indiftin<T andTopfilar way of fpeak-- 

^eyidept befpjje . nod 

hitur. Si quis et-. Eujijs digitus a lapide. St 

equus laprdenr fern etaaiu et equus («t ita dicaro) 

J a|»,i<JeaJ ; rcatB )5e]i,ax9adi:;' fe,- €««.« ' 

urgebit, equam verfus lapidein, 

progrefltini uaius quaattm pwaibtct;pti^f^fftI6i.^t#id4 &d' NEW-EOii Pri 

, ■.'Some 
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Some ufefiil writers, who have copied after Sir Isaac 
NEWTON,, have talked in the fame way ; and only in- 
creafed the ambiguity by being more difFufe. Mr. mac— 
LAURIN himfelf,. who engaged very warmly in this de- 
bate with the foreign mathematicians, and who, to fay the- 
truth,. feems- to have underftood the nature of the con- 


troverfy better than any one elle, is frequently unguarded , 
in his expreffion. In chap. II. book 2. of his account of 
neW'Ton’s difcoverieSjhe is defcribing the laws of.motion; 
for the firft time^ and one naturally expects a more than 
ordinary prechion. and, exadtnefs. There he blames,, 


very juftly,. the oppofers of the Newtonian definition of 
motion fi>r miftaking the direction in which the motion, , 
lofl: or communiGated, ought always to be eftimated. But 
in p. he. thus exprefies , himfelf: “ When two: 

“ bodies mieet,. each. endeavours to per-fevere in .its ;fi.^te,j 
“ and refills any. change ; , and ;hecaufeF|ae :^3||^|,, 

“ is produced in eithey,.inay be equally meafured by the.- 
aidlion, which it- exerts- upon the other, or by the re- 


“ .fiftancej., which it meets with from it, 

“ the p|<34uce4.. in tfie motions ph. eaph 

“ equ^i f ^ 

poflibly cdnc^jyej.that fp ikjlthl, and accurate a.phUpfp- 

iher cpuld beh^e of^h^to.^as ap-i 


( cj ^ 


1 .,; 
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inference of reafon, excltifive of all experiment ; and 
yet, if words have any meaning at all, the above quota- 
tion inclines us to think fo. It is true, the change %vhich 
is produced in either body may be meafured by the 
adion which it exerts upon the other, or by the refift- 
ance which it meets with from the fame: but what are 
we to underhand by aaion or refiftance, until they are 
explained by more intelligible terms? or, when they are 
explained by terms which do not neceffarily imply the 
fame thing, how do we know that their meafures are 
equal, or that they are made in contrary diredions, until 
thefe truths he ehablilhed by experiments? A law of na- 
ture is not merely a dedudion of reafon: it muft be 
proved, either at once and diredly, by fome fimple and 
decifive experiments ; or if that Cannot be done, by fuch 
experiments as enable us to colled its exiftence by the 
affihance of geometry. However obvious thefe reflec- 
tions may appear, I thought if neceifary to take notice of 
maclaurin’s aflTeition; becaufe in confequeiice Of that 


.^d fimilar exprejEIions, young philofophers are ex- 
tremely puzzled in the beginning of their ftudies, and 
becaufe I h^ye .known fome, who are more ekperienqed, 
al^rtn, tiiat^'iSiii^ird law of rhotion is nothing more 
thaii'^a* 'definitil^^&pilll^c^dihthh'^^derd^ 
particular f ,// ^ 




7 
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CASE THE FIRST. Suppofc A and B to rcprefcnt the 
magnitudes of two ^jjpherical bodies, and a and b their 
relpedtive velocities in the fame diredlion; fuppofe a to 
be greater than and a will overtake b ; and if the bo- 
dies. are non-elaftic, they will proceed together in the 
fame diredtion as one mafs : if they are perfectly elaftic, 
■whatever effedt has already been produced by the colli- 
fion, will be repeated ; and, becaufe in the fii'ft cafe there 
is no relative velocity after the flroke, in the fecond the 
relative velocity before and after the flroke will be the 
fame, and in contrary diredlions; and in either cafe, the 
motion loft by the ftriking body is found to be always 
equal to the motion communicated to b, and in a con- 
trary diredtion. In this fenfe adtion is equal to re-adtion 
and every experiment which has yet been produced, 
where a clear judgment could be formed of the; effedf, 
has confirmed the fame thing. All the expfeiiments 
which are ufually brought to determine the impreffions 
naade upon foft bodies, as fnow, clay, &c.,are abfolutely 
unfit for the purpofe. The circumftahces, which take 
place in the produdfion of thefe effedts,'are fuch as we. 
can never difcovef. ' .The difei^iohs in which the parti- 
cles recede, -foe velocities ifoey acquire, their mutual ac- 
tions upon orle another, and laftly^ fhe tfi^, in vyhich* 
thefe effedts are performed^' are isul’ beyond the rea^-i^ 
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tomputation. The other principle, that the relative ve- 
locity of A and B is not altered by the ftroke, is neither 
ito be demonftrated nor confirtned by experience; it is a 
.flirea confequence of the definition of elafticity. Again, 
fuppofe * and |3 to reprefent the refpedive velocities of 
A and E after the ftroke, and from thefe data it is eafily 
infen-ed, that a«'«^-=ai.*+bA*: for a-b is equal to 
g-a, becaofe a-b is the relative velocity before, and 
e-ji the relative velocity after, the ftroke. And aa+si 
Is equal to a«+b!3, becaufe thefe quantities reprefent the 
firm of the motions before and after the ftroke refpec- 
;.fively ; arid from thefe equations the above equation is 
;dbafl<»d,ftiewing,that in elaftic bodies the fum of the 
ife 1^^ tntiMplied by the fquares of their abfcdute 

The fame theorem — i--' 

’msy be demotiffcrated 

fbilbwing m^her. the veloQ- 

tife's of' ^ ^hd S fee mpTrefehted by lt)j Afi, rerpei^ively; 
■arid l^t § 1>e tfeeir tehter of gravity, when paced at 'g 
and d; me velocity of 'A aftef the ftirbke will be Tepe^ 

■fehled by Si.'tf « 

■aty of B by ab+/b6. nalffie oftfhg‘cffitMdf 

■gravity' Ax gd—B'x B hj ' ^ ag--bX'BG-^ 
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B X 4bg^ + 4BgTaI; Add to both fides a x a ^^+bxab% 

and we fhallhave ax ad"+bx ab^=ax a^+bx ab+2Bg". 

We are not to wonder, therefore, upon making trials 
with perfectly elaftic bodies, if any fuch exifted, were we 
always to find their vifgs as the foreigners exprefs 

themfelves, neither increafed nor diminiflied by the 
ftroke. They define the force of bodies in motion, or 
their vis viva^ to be in a compound ratio of their quan- 
tities of matter, and the fquares of their velocities ; and 
certainly fuch a definition implies no cohtradiaion or 
impofiibility. The term force, in a loofe and ordinary 
way of fpeaking, conveys to us no determinate idea at 
all, and therefore, until it be defined, is incapable of 
being ufed to any good purpofe in philofophy: whe- 
ther this or that definition come nearer to the general 
fenfe in which it is ufed indiftindly enough in common 
language, is entirely another queftion. We may go &- 
ther, and add, that in their ufe of the words,.feaufe the 
fum of the forces of elaftic bodies is neyor affeaeA by 


thh firdfce j it iS not unnatural to fay that a6tion is there- 
fbre equ&l' to'^feiaaion, and that lid^tce is loft-^ 
body blit i^hat is IBth * ihi if we 

gd%''^;:ahd’lhd^ the.-meanihg of the 

terths adtion and re-aaioah^^*^to|^f«res, we q^ht 
at ieaft to giiard our readers fiom miftaking 
'■'f'WoL. LXVIIIA^; Z z 
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convenient fucli modes of expreffion may appear. Be- 
canfe + BiS" is equal to Aa^+Bh% it is true that no force 
is loft by A but what is communicated to b ; but not in 
the fame fenfe in which it was affirmed that no motion 
is loft by A but what is communicated to b . In that cafe 
the fquares of their abfohite velocities are underftood; in 
this, their velocities reduced to the fame direaion. How- 
ever, no material ill confequence can poffibly arife from 
filch a notion of a61ion and re— a£tion, as long as the quef— 
tion is fuppofed to concern only elaftic bodies : but real 
mifchief is done, and the debate ceafes to be verbal^ 
whenever the law of the equality of a6tion and re-adion 
is faid to take place in the coUifions of all forts of 
bodies. 

' CASE THE SECOND. But the truth of thefe remarks,, 
and the neceffity of attending to the precife ufe of terms, 
y^.^^p,e^m ^ ftill ftronger light, if we confider the fo* 

given us. by j. ejernoulli^''^.^ , 
tS^ppofie t^ tyfO’.equal and fpherieal bodies, a and b, 
ftruck m fte dire«^n cn perpendicular to the 

line joimpg ^p cepteps of^ ^ b with a velocity repre* 
fented; by a. , Let; ,the,^t^jE^,:^^:m^ter;' in c be -called , 
and the quantity of matti^ in or b, » let die yelo^ 
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dty of c after the ftroke be reprefented by at, and that of 
A or B in the diredhon ac jpr CB by . and ihppofe. 

p : q i: rad. : cofin. lcd. Then, becaufe the quantity 
of motion before the ftroke is equal to the 

quantity of motion after the ftroke, and is equal to 
becaufe' ^'tbe 'quantity of foric^' is-dilff " 

by 'a^feSOnl ± ^^| ^^ 'andy ^=: ' ' 

fip^ma ' 

filered than ihis bysa Jperfon: TE^pfi^tias lia¥kig ;aytleatr 
; Z z a _ ■'', - i^ea 
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idea of the grounds of that contention which has lub- 
hfted fo many years. We here fee Bernoulli taking it 
for granted, that the quantity of force in elaftic bodies is 
no ways affedled by their mutual adtions, whether diredt 
or oblique; and the moft furprizing circumftance is, that 
He fhould not fo much as hint at any apparent difficulty 
in the prefent cafe, after he had been fo very diffufe in 
illuftrating others which were much more limple. No 
doubt he believed this principle to be a diredl: confe- 
quence of the equality of adion and re-aaion, and there- 
fore it is plain he could not mean the fame things by thofe 
terms as we do at prefent. He believes no force is gained 
dr loft by ipapadt; he defines force by quantity of matter 
ahdfquare of the velocity conjointly; and in eftimating 
the velocity, he pays no regard to the diredfion in which 
the bodies are moved. Bet tiS not cavil at his words : vre 
^hnqt miftake his meaning.- The qiieftion is; how far 
thbfq hoficm-are ^reeable to experience j how far they 
are confiftent with fqmq other principles which are in-. 
epn£eftahlq, gnd '^hieh^^h^^ has admitted: for in- 

ftance, he athnifS it principle, that the 

quantity of rhbdbh m any f^ of bodies is preferved 
invariable, when eftimated in a‘ given dirediion, in all 
thdbr collifions. and nmfeial.»hdl|c)!p another; 

and in this he entirely ‘^agrees with t^^ ^Eowers Of SM 

' , " •' '' ' , ''ISAAC, 
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ISAAC NEWTON. Let US attend to the confequences of 
thefe two different principles in the very cafe propofed 

by j. BERNOULLI. And firft, becaufe 

by tranfpofition we have which is laying 

no more than that the motion loft by c is equal to the 
fum of the motions gained by a and b, eftimated in the 
fame direiSlion cn. By a fimilar procefs from the fecond 
equation, we deduce m-Ka+x^a—x—znq^i and there- 
fore the comparifbn of the two equations gives 
The quantity y therefore, or the velocity of a or b after 
the ftroke, muft neceffarily be equal to the fum of the 

two quantities ^ and y. In the figure, let cn reprefent 
the velocity of c before the ftroke, and ch the velocity- 
after it, and let fall the perpendiculars nn, dl, upon the 
direction AC. It eafily appears, that is equal to 

y and CL equal to becaufe ch : ctJ CD : cl :: rad. r 
cof. LCD v.qip. And now the whole controverfy is re- 
duced into a narrow compafs; for whether the two prin- 
ciples aflumed by this author be confiftent with experi- 
ence or not^ it is impoliible they fliould be confiftent 
with one another, urdefs c«+cl ftxall be found to mea- 

'tilt' (g, I ■ 

fure the velocity 9] 
the velocity ojf 


f A ija;,the diredlion CL. Suppofe c r to 

* * f'”- ' • J Ki ^ *5 i i * i ’ * 
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perfeAly hard, and letting fall the perpendicular rs; Gs 
will be the velocity acquired by a in that cafe; and, uni- 
verfally, the velocity acquired by a will be equal to 

c j-+^, if the elafticity of the bodies be to perfe6l elafticity 
as I : Iti order to determine, therefore, when c;2 + cl 

can poffibly be equal to c — , or, which is the lame 
thing, LS+cn equal to we are to confider that nsihsii 
1 :m : and becaufe cn is equal to cs—sn, cn=cs—~^^ 
and it is, obvious that c can never be equal to 

unlefs M be taken equal to unity, and Bernoulli’s 
hypothefis is plainly impoflible in all cafes where the 
bodies are not fuppofed perfectly elaftic. 

But though we confefs the learned author, who firft 
folved the problem we have been confidering, deferves 
no commendation for propoling in a general form what 
ought to have been reftrained to a particular cafe, yet it 
will by no means follow, that every argument which has 
been advanced dodtrine is either intelligible 

or fatisfadtory. Of experirnents 

which have beeh^ fe refute the 

new opinions of the German ‘philofophers, there is hone 
which carries a greater degree of plaupbility albng 
it, than a celebrated invention ojf A. 

f hxtremely^ 
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extremely fimple, eafy to be defcribed ; and I do not find 
that it has ever been aiifwered by any of the advocates 
for the new dodiriiie of forces. 

“ Let A and b be two equal a 

“ bodies that are feparated from 
‘‘ each other by fprings inter- 
‘‘ poled between them, in a 

Ipace EFGH, which in the ^ ^ 

“ mean time proceeds uniformly in the diredtion-sA (in 
“ which line the fprings adt) with a velocity as i ; and 
“ fuppofe that the fprings imprefs on the equal bodies a 
“ and B. equal velocities, in oppofite diredlions, that are 
“ each a:s i. Then the abfblute velocity of a (which 
“ was as i) will now be as a ; and according to the new 
“ dodlrineits force as 4: whereas the abfolute velocity 
“ and force of b (which was as i) wdlnow bedeflxoyed;, 
** lb that the adfion of the fpr^^p^ds fb a a force as 3,, 
“ and fubdudts from the equal body b a force as one 
“ only ; and yet it feems hianifeft, that the a<Slions of the 
“ fprings on thefe equal bodies ought to be equal,, and 
“ M. BEB-Noutti exprefsly owns them to be fo^'-^. I Ihalt 
only Juft bbferve, that if M. bernouilt exprefsly owns„ 
that fprings, interpofed between two bodies in a fpace,^ 
which is carried uniformly in the ^©dfion in which th«^. 

(e) Book 11. ctap. 2 . Account <a£ newtdh’s di^wries., ; ' ' 
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fprino-s aa, will always generate equal forces in the bo- 
dies a'ccording to his own definition of that term, he talks 
more inconfifteiitly than I have obferved him to do: on 
the contrary, if I could find that he has anfwered this 
famous argument (which Dr. jurin propofed over again 

inPhil.Tranf.vol.XLiii.withaconditional promifeof em- 
bracing the Leibnitzian doarine) by fimply faying, that 
fprings he confiders as motive forces, or, when the bodies 
are equal, as accelerating forces ; and that their adtions 
are equal, when in equal times they generate equal velo- 
cities, but not neceffarily equal forces, in the equal bo- 
dies; I fhouid not make the leaftfcruple to own that I 
thougtitMs reafoning folid and conclufive, and his.dif- 
tindtions a full anfwer to evqry objedlion of that fort^^’^. 

CASE THE THIRD. The two preceding cafes are cu- 
rious examples of the force of prejudice and party-fpirit. 
In the latter particularly it does not appear that j. ber- 


(f) No doubt MACLAURIN refers to the following paffage of Bernoulli, 
« La force du choc, ou de Faaion des corps les uns fur les autres, depend un^ue- 
' <■ lem. vfefe tefpeai™; «r il dl viMe q™ v.Bte .dpA™ 

“ des corps ae changent pas avant le choc,- foit qne le plan ou 1 efpace qui 
contient foU mpovement, icitt :qu’il fe meuve uniformement, TuivaMune 
« direaion donnee, lesS' viteffes.'.re^aiy^' feront done encore les rnetnes;apres 

Is choc ' ; ■' ' 

This quotation puts the It is plain, 

though he does make ufe of the is ynly fpeakmg of thp mmm W 

or communicated, and the relative velocities of the bodies:- there js not the 

moft diftant hint at tlic change in their abfolate forces* ' ' ^ ; . 

"v„ 'VNOULEI 
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■NOULLi knew the prefervation of the vires viva ta be an 
infallible confeqiience of perfe6t elafticity in bodies; or 
indeed that he had any other reafon for taking that prin- 
ciple for granted, but becaufe he was not able to prove it. 
All the inftances that are ufually brought on both fide* 
are to be treated in a fimilar way. The meaning of the 
terms muft firft be defined ; then the principles affumed 
explained; and if we cannot tell at firfi: fight, whether 
they are agreeable to experience or not, as is frequently- 
the cafe; we muft examine into their confequences by 
the afiiftance of geometry, and we fhall at laft arrive at 
fome fimple principle, the exiftence of which is necef- 
farily implied in the original hypothefis. The collifion 
of fpherical bodies is the moft fimple way of communi- 
cating motion from one to another; and therefore fuch 
examples are better adapted to throw light on a difputa- 
ble queftion, than where the fuppofitiotri ^ more per- 
plexed with mechanical ebnlii^^^Ges. Befides, when the 
theory of mechanics is well nnderftood, and the founda- 
tions of error difeovered, the fame reaibnings axe eaffly 
transferred to other <afes, and fimilar precautipns applied. 
Indeed pradtiod aftifts have little to do with the fud^eo, 
communication of motion by impact. The collifions of 
bpdies are too violent operations to enter into the coin* 
yoi« LXVIII. A:»a ; . ' pafiti3« 
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pofition of ufeful madaines, in which motions are rather 
to be preferved by the gradual efFefts of weights and 
prefllires. An accurate knowledge therefore of thefe 
effe6ts is more effential to the interefts of fociety ; and 
the only way of arriving at fuch a knowledge is always 
to diftingnifti thofe principles which nobody denies^ 
from thofe others which are found to take place only in 
fome particular circumftances. The following problem 
was propofed, and a folution given to it long ago, by 

». BERNOULLI 


(l) Commeat, Petrop. tom. II. 
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Sit grave aliquod 
‘‘ cujufcunque fignraef 
“ CBA, ciqus centrum 
“ gravitatis fit d ; ex quo 
“ et radio d m defcriptus 
intelligatur circulus 

c 

“ MNPj cui filum cir- 
“ cumvolutum eft pmn, 
“ cujiis fili extreinitati 
‘‘ appenfum. fit pondiis 
“ Q., quod defcenfu fiio 
grave cba in gyrum 
‘‘ agit circum centrum. 
« gravitatis d, dico velo- 
citatem corporis q. fe- 
“ quenfern in modum 
deteldnifiijrl'”;^ ' Sit 
^ M i) = ^ ; confideretur 
dorpus fufpenfum ex 
" ptindtoMofcillanjefle’' 
“ que cen^lfia^ dCciila- 
“ tionis in o, fitque 


poiidus corporis 

di>penfl ^delapfum eft =r ; 

aMtudo qusefita per quam grave aliquod cadeu^l ad- 

Aaaa fqtardns 
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*< (juirere poffit velodtatem corporis q=%; dico fore z- 
« —p;, et li tem-pus quo corpus naturaliter cadit, per' 
« altitudiiiem r dicatur erit tempus infumptum a cor^ 
“ pore Q=^n/-^^> experientiae conforme eSe 

“ plurimis inftitutis experimentis Temper inveni.” 

Both thefe conclufions are derived by this author from 
the principle, which they call the confervati'o virium vi-- 
varum'^ but as he has not given us the feveral Heps of 
his reafoning, it may be ufe&l to fupply them here,, be- 
fore we proceed to make, any remarks upon his folution*. 
And firft, fuppofe the axis at n to be perpendicular to the: 
plane of the figure, and conceive the whole, body to be* 
refolved into an indefinite number of prifmatic particles,, 
each of which is perpendicular to the feme plane^ Let 
E reprefent the fum of all the particles multiplied by 
the fqiiares of their refpe<5iive diftances from the axis;; 
and E be equal to as is demonftratediby all; 

the writers who treat of the center of gyration. Let 
be the velocity which is actually acquired by Q^after it h^-s. 
defcended through the Ipace r ; v the velocity which it 
would have atpnted hy.tiie farne defeent, provided the 
body had fallen freely by^ becaufe the 

vires vivs are mcapable of dijbaihuhoh w 

v.liR’ye;. 
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have pY^=pv'^+ , Por j[ince v is the velocity of q_ 

at a certain period of its defcent, and is to the velocity 
of any prifmatic particle in the body as the diftance niD 
from the axis to the diftance of that particle from the- 

fame, it is evident that will truly reprefent the fum 
of all the particles multiplied by the fquares of their ve- 
locities. V® is therefore to v'" zs a p-^bv to ap, and the 
whole force of gravity is to the force which accelerates 
the motion of Q.in the fame ratio, becanfe in uniformly 
accelerated motions, when the fpaces defcribed are the 
fame, the accelerating forces are in the duplicate ratio of 
the velocities. It is obvious, that the motion of Q_is uni- 
formly accelerated, becaufo the velocity acquired by any 
defcent is to the velocity of any point in the body always 
in the fame ratio ; and therefore the adtion of Q^upon the 
body is the fame as if both were at reft. Farther, the 
altitude through which a heavy body mhft Mf fo^a^ 

quire the velocity is plainly equal to k. x — for the 
altitudes Z and r are inverfely, as the forces which gene- 
rate the '^ual^^^y^^ Laftly, the time of qJs defcent- 

is equahtb becanfe the times are always ini- 

the;fub-dt^hea^::i^iip,;^^^,l^ anft'forces- 

Xtu 
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It is now extremely eafy to trace thefe expreffions 
back again in a contrary order, and to fbew, that if thefe 
laft equations ai’e true, the original one muft be true alfo; 

that ^ X muft neceffarily be equal to -f p or, 
•which is the fame thing, that the body Q^multiplied into 
the fquare of its velocity, and added to the fum of all the 
produ6ts which arife by multiplying every particle into 
the fquare of its relpedlive velocity, is equal to the body 
Q^multiplied by the fquare of the velocity which it would 
have acquired by the fame defcent in vacuo. 

Now this is to give the argument its full force; and 
lince the conclufions are confirmed by repeated experi- 
ments, as the author himfelf aflures us, it is prefumed, 
that the premifes can be liable to no juft exception. If 
we do not think with the advocates for this dodtrine, that 
the vires viva muft always remain the fame from the 
thing itfelf, they will force our aflent by the teftiraony of 
experience,.; and oblige us to admit their principles when 
we Md it impofiible to deny the confequehces. 

A'pimdent plfilnft^lreris alwhys afraid to pronounce 
generally eonceihittg the of caufes, whidh afre 
•attended wi%.,a;:5a?l&ty,C^^'d«twaftan com- 

plex in their 

force in bodies remains inyariatly the fame, feeins to b© 

'■ :.apropb- 
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a propofition of this kind. The mutual adions of bodies 
upon one another, efpecially when their gravity is taken 
into the quefhon, depends upon fo many confiderations, 
and the cafes which may be put are capable of fuch an 
infinite variation, that it is impoffible almofl to draw a 
general inference of this nature. Even when experi- 
ments are produced, which feem to prove the point, one 
is apt to fufpedt the univerfality of the conclufion, and to 
imagine that it may poffibly be owing to fome particular 
circumftance which we have not attended to, or been 
able to diftinguiili from others not fo effential. In the 
example we are confidering it is clearly proved from ex- 

E 

perience, that px v'^ is equal to pv"-¥-j% but whether 
that be true in every other cafe that may be conceivedj 
can never be determined from fuch an experiment; nor 
is itpolB-ble to make any difiin6lions about it^ until we 
have- demonfirated its connexion with ibme oiihef pfihci- 


plCj which is more Ample and lefs contefted. 

Eetaining the fame fymbols, let f reprefent the force 
of gravity, and /the force which accelerates the body O' 
in its motion. Frpm what has been already fhewn it ap-~ 
pears, that f :/'u bu xdp 




:<r 




ft? , ■ 


Gi 
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by the force//-^ will be the motion loft in the fame 
body Q,by the diminution of its gravity. Let a be any 
prifmatic particle of the body, and ad its diftance from 

the axis; the velocity of this particle will its 

and, by the nature of the lever, the 
motion which o^muft lofe to generate fiich an eflfedi in a 
be . The quantity ^ reprefents the fum 

ofallthequantities-^^-^^.; and therefore the motion, 
which CLhas loft by its adion on the body, is precifely 
equal to Ihe motion gained by the different parts of that 
body after a proper allowance is made for the lengths of 

the levers, AD, See. 

Thus it appears, that there is no neceffity in account- 
ing for the time of cl’s defeent and the velocity it ac- 
quires, of having recourfe to the confcT^dtio vis viViB<^ or 
any fuch perplexed hypothefis. By purfuing the ana- 
lytic method far enough, we have been led diredly to 
that fundatnental law of motion, that adioh is equal to 
re-adion, and in the contrary diredion. 

A diftindiqq, ^ to be made between, 

the adions of bodies wheii at liberty, and when they re- 
volve about a center or aScis. In the firft cafe the motion 
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loft is always equal to the motion communicated in an 
oppofite diredtion: in the fecond the motion loft is to be 
increafed or diminiflied in the ratio of the levers before 
it will be equal to the motion communicated. The pro« 
perties of the lever are well underftood and eafily ap- 
plied, and becaufe their evidence depends upon expe- 
rience, and is as firmly eftabliflied as the third law of 
motion itfelf, it is always heft to make ufe of thofe two 
univerfal principles, inftead of others yrhich -are more 
lii^ble to deceive us 

In all cafes concerning the motion of a fingle body^ of 
fyftem of bodies, where there is any rotatory motion, the 
confideration of the lever becomes requifite, and that, 
with a juft application of the laws of inotion, is fufficieitt 
forthere^ld^^ 


„ ; (h) It is acknowledged, that 

• inine the eiFeas of wind and water-toim do the cctofmtations of 

/mathematicians; but this is no objeftion to the principles here maintamed. 
Writers generally propofe fuch examples with a view rather of illuftrating the 
piethods of calculation by algebra and fluxions, than of making any ufeful im- 
5ij paaice. They fuppofe the particles of ...the 

|.lSfe^,Jh!ft,,taachin6with 
I'- yg foch feOTofiticms 

'a iois 'tb account for-a< di&rchce 


-■to 

” taiowtt''’ 


' . . fT.' j, j 

' 'fences bf tim4. „ 

w'ifere able to ptwnt oMfudt 


unrpfonable to 


vou Lxyiii, 


” '' ''t ' ' ' ' ' V *’ ‘ *' 
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now pretty well agreed upon, that the negledt of this 
drciimftance is one caufe of that material error, which 
Sir ISAAC NEWTON himfelf IS fuppofed to have fallen 
into in the thirty-ninth propoiition of the third book of 
his Principia. 

I had feveral teafons for infifting fo particularly on 
the demonftration of this third cafe. It is in itfelf one of 


the moft neat and elegant problems we liave; and, what 
isof more confeqiience, it admits of an experimental proof 
and illuftration. It is obvious, that the motion of the 
body AM B may^ ' the time of qh 

defeihi* thrbt!;^h^^ any afiigeable- fpace may be meafured 
to the greateft exa£thefsi ■ T^he be* 

obferving the ' velocity bf 
any particular point in the' body to which the velocity of 


ct always bears an invariable ratio. Such experiments, it 
muft be owned, feem veiy urifit for the Hfft difcovery of 

’as I Have flaewnpit is not 




tliat' v^^ay f 'but' afteir' they are 
to the folution of' 
fuch and'inftruc- 

tive, and thdoi^i^ia^e^&ll^ithe.experimeiits them- 


'’»v vv. ,?•. 


, .i! 
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We have fliewn, that in this cafe at leaft Bernoulli’s 
hypothecs is founded upon, and coincides with, the com- 
monly received doctrine of motion, and therefore we can 
hardly entertain a doubt of the fiiccefs of the ex|?eri- 
ment, fuppofing it had never been tried. The author 
himfelf, in the paflage above quoted, tells us, that lie 
found it fo ; but we need not reft upon his authority : a 
fimilar experiment has been lately made by Mr. smea- 
TON, and is defcribed at length in the Philofophical 
Tranfaaions, voL LXVI. 

It does not appear, that d. Bernoulli attempted to 
meafure any thing but the time of q^s defcent through 
any particular fpace: Mr. sme at on has given us both 
the times of ols defcent, and the proportions of the velo- 


cities acquired, in' a variety of cafes. By moving the 
weights he m^es ufe of nearer to, or farther from, the 
center p, he alters' the 

particles a^, without. m^i^^’i^'uiihihution of their 
number: he does the i^P*with thie circle or axis nmp, 
an^^^n^uipiiriy M and in every cafe, from 


Ifiiihution of their 


••hi 




mAy 




y:pf ; that; ingenious _ gepf em^ap,_ , we 




I'lpjptimbers are' fafcly td be relied 


upon. , 


preceding tHeory^ 
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From the proportion '.fv. ap-^rbv it appears,, 
that the force which accelerates, the mo.tion of or ia,. 
Mr. smeaton’s figurey.the w-eiglit.in the fcale is to the - 
uatural force of gravity in a coiiftant and invariable pro- 
portion as ibng as the quantities r,, andy>, remain -, 
the fame pand therefore Ict.Q^defcend ever fo llowly, its - 


motion will be uniformly accelerated throughout, and 
the fpaces through Which.it defcends will be as the : 
iquares of'the velocities acquired^ and the times will be; 
as the velocities themfelves ; and this is agreeable to whafe. 
Mr. sMEAn-atf found them in his fecoiid and third, fifth; 
and fiith, eighth experiments. 


fifWi|P'Mhh0.rcale , .and will be' different ae-'- 

cording as the quantities a, p, . ox 6, are altered; but i&. 
always eafy to be determined ^as foon as thofe quantities ' 
are known. But it is impoifible to determine the mag- 
, qu^tity b in the different cafe&^*fUnlefs we ■ 

have givefi the ^a&ofe^dmenfions of the whole machine,;.. 


and the fpjsafih’^^Uty oljihe wood made ufe of;,: and-* 

therefore Iconfefs been puzzled in* endea- 

vouring to feond and other^iOxhe— 

. . . ■ • - ■ . ; 

laments with the the^'t ’JKaSIhpfi^ I could nct doubta* 

moment, that the genes^i^SjSBOT'^ for th^. force w^. 
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lightly afligned, and would alwa3's be found confonant 
to experience, yet I was extremely furprized to find, that 
when the quantity a in the fecond experiment was made 
exactly one-half of what it was in the firft, the time of 
defcending through the fame fpace came out nearly dou- 
ble of what it was before, and the velocity the fame. 
Now this I knew could never happen unlefs the force in 
riie firft cale was to the force in the fecond as 4 to i ; for 
when the fpaces defcribed are the fame, the accelerating 
forces are always as the fquares of the velocities, or in- 
veriely, as the fquares of the times. This confideration 
led me to inquire farther into the ratio pf thofe forces in. 
the cafe defcribed, in order to difcover,.if pofiible, whe- 
ther they came.any thing near that ratio, which of ne- 
ceffity they ought to do... 


Iconfidered ,t^ the weigE^t of the axi§ and arms of the 
machine was inconfiderable^ con||)|kre,ci of. 

the two cylinders of lead, and alfo that the quantity a bore 
3 very ftnalLproportion to the length pf the cylindrical;' 



Apd fince the accelerating foi^, p ftlwiyi as^ 

-mtdtiplied by the fquares of 
motiohjdt is plain that. 








6 , 
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■tiie fame both in the firft and fccond cxperimentj it fol- 
lows, that the forces are very nearly to one anotiicr as 

rf/Jto — , or as 4 to i : and in the fame way the other 
■experiments arc hiewn to bc confihc’ot \^ ith the theory. 

‘ 1 chofe to premife a ihort account ofthcoimiions which 
the philofopherS before Galileo entertained coiu crning 
the motions of bodies ; becaufe their niidakcn ideas of 
;the effe<5is of gra\nty are anakJgou^ to fome opinions of 
a later date, which indeed fuggehed the necxdlity of re- 
.fiiming thefe inquiries. ' ■ 

And'^'h^^’mcithihg' in'''x6iit^ matters fo 'com-' 
Ifie 'ttimd ''■ttS''"an ''hxaA knowledge^ of 
;ithat''’particul'i'''''Whfe^^^^ 'pfbckibes'-’tlic ■ difpiitc; ■' I ' iiavC' 

of''tci'exprefe the third 
I'aw 'o'f motion' were 'taken in tw'o very' different fenfes's' 


that Sir Isaac NEWTON*S:^ib^plication^0'f■them'is at beff 
4fhbigiious, aiK'l MACLAuRiWtbfohiteiy;falf<i,. ' ■ 

• fee that 


the WewitfW'ltelKiTji' Is true in' one particular in 


fiance.' * WklSw^^lSlhal'ts 'rtibve ■' In thc-himc 
line, the ftitn- hot altered l^y collifion; 

and it is this Ungk circum- 

dance Was thc'ca\i|^;|fc''l^li|iS^%tf to the^ terms 
aiSlion and 'Iiw’-'l.. *, ' ' 

"' V ' ' ■ 5td. !tt 
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sd. In the fecond cafe, the fame principle is taken for 
granted by j. Bernoulli. We have examined into the 
confequences of this author’s fokition, and fhewn that 
his hypotheils will prove all bodies to be perfediy claftic. 
As the fteps.by which he deceived himfclf arc here ex~ 
pofed, whoever carefully attends to tlicle two examples 
cannot eafily miftake in any cafe that may occur. . It is 
plain, .that if any one contends for the equality of adion 
and re-adion, and explains thofe terms by the changes 
produced in the abfolute forces of the bodies, the difpute 
is not merely verbal. .. 

3d.. .When a conclufion, agreeable to experience, is de- 
duced from any hypotheps, it does nof therefore neeci'- 
farily hypothefis is nniverfally true, not 

even fuppohng the copyer^^ propolition to hold. 


In this third cafefit is:^p|fiy^p,^^;y?'hatkilld.of,:anfwerwe.^^ 
to .give ftich .reafoning.-' .W^mm 

ismever to be admitted, nnldfs its conhexion with fimple 
fads,, which are incontcttable, be firit made out. 'Phe 


folmltni this, 
motlop- 

a. eont^#rri'*^ 
is. taken. into* ti 


is:^prohlcm depends on thhq • that , tho 

of the lever 
' Wd therefore tjae . nice 
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theory cannot fail to add frefli evitlence to thefc efta- 
Miflied laws of nature. 

I lliall condude thefc remarks wUli ohierving that 
fiucc it is perhaps impofliblc to give one general anfwcr 
to all the arguments whidi arc brought in favour of the 
new doctrine of forces, it feemed very delireahlc that we 
ihould have a general rule to dired us in judging of the 
cafes that occur in pra«Slk:e. It is of more confcquence to 
the improvement of fcience and the good of the public, 
to point out the fource of railfakes, and the wifcll means 
of avoiding them for the future, than merely to confute 
and'' filence ; our ^ adverfavies.,.; Some' writers have con- 
ifidered this queflion as enfirely verbal, and have afFeded 
■ 'om ‘ho^rJdes withthe greateft con- 
tempi ''''Sudr;;;|)eribh^:, ..lave ''them great deal of 

■trouble, and ^;have,■ thef'cr^|r;::of farther into 

the controverfy th air 'Others;, .but after -all, I am afraid 
'rthesjirw^al mechani05?^|ilM?e;Ht^.lisfo 
fedhtity* %0S|t;&ch»fi>ecadttm '"Eropiiety ^'hf ei'prcffion 

in thefe «U: we want. 'When aqdan l&pro- 
fofed for execution,' an4 certain, effed preclided,' the 
■igrand'. ofejea % ,fure judgeracat ibefore-' 

'hand of the event; tO' prevent unnccjcffary ex-? 

fences ; and I fhall well employed, if thefe 
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conliderations appear to have the leaft tendency to pro- 
mote lb ufefiil an end, in the opinion of that Society to 
whofe learned and zealous endeavours we owe the very 
firft imjrartant difeoveries in the year 1668, concerning 
the collilions of bodies. 
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XVIIL Olifematiom on the Limits of J/^ehmkai Eqm-^ 
tions*, emd a genevcil LemonJlTMion of Dus G'-irtcs% Ruie 
for finding their Number of affirmative and negative 
Roots, By the Rev. Ifaac Milner, M. A. Feltow of 
Queen’s College, Cambridge. Communicated by An- 
thony Shepherd, D. D, F, R, S, and Piumian Profeffor 
at Cambridge. 


RewJ Pcbnmry *D7' 

§ I. ^’T^HE'ihvieftig^tiom of ' the limits of equations is 
confidered as one Of the moft important pro* 
blems in algebra. ¥he knowledge of them not only 
enables us to demonftrate many tTfeful theorems in that 
fd^hce,;but h alfo of matedaifetvice in difeovering the 
root8'themfelves.'::Mr*,MACLAURiN has treated this fub- 
jed very fully, both in his . Algebra and in the Philo* 
fophical Tranfadtions. 

The fubftance of what he has delivered may be briefly 
exprejfTed in the two following propofitions. 
ill. That any' equation 

propofed, if you take the flujdoji of this equation, 

■: , ^ ‘"and 
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and divide it by .v, the i-efulting equation will have all its 
roots limits of the roots of the given equation. 

adly, If the terms of the propofcd equation be multi- 
plied into the terms of any arithmetical feries, the re- 
fulting equation will alfo have its roots limits of the roots 
of the original equation. 

§ 2. This fecond proportion, though admitted by all 
the eminent authors whom I have had an opportunity of 
confulting, certainly requires fome reftri6tions. ,For 
example, the roots of the quadratic equation ar*- 2Ar~ 3=o 
are 3, &:c. ~i ; multiply the terms of this equation into 
the terms of the arithmetical progreffion i, a, 3, refpec- 
tively, andtherefqlting equationis i x 1 x aAr- 3 x 3=(?, 

the roots of which are a^V 1 3, neither of which are be- 
tween the roots of the given quadratic. 

Again, fuppofe the roots of the cubic equation 
x'^—px* + qx-r:=:o to be -<?, and it is poffible that the 
equation /+3//^xA?^'~/+2mx/»Af‘‘+/+?/2xyAj'-/r=o may 
have no root between the quantities ( 5 »and -c; and in 
general if the roots of the equation ( a) 

8{c, '= o'be fhppofed h **4. 

greatelt root, & the next, and fo bn in order, the equation 

{ 3 y+nmxx^---l 4 -H^i.mpx^'^’^ % &c. 

.will not neceffafiiy hath any of its roots between the 
roots and -<3? of the Oiigihal equation. V 

' , : ■ ;C e-xa §■ 3, 
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§ 3. It will not be difficult to fee the reafon of tliis, if 
we examine the demonftration, which is ufually gis'cn 
us of this fccond proportion. 

The roots of the biquadratic equation a'-^- a.v ’4 luv*- 
ca+D=o are fuppofed to be <7, and the refuits 

which ariie by fucceffively fubiliniting them for x 
in 4^f*- 3 Aa”+aBa-e are fiipixifed to be - r, +s, 
~T, +z. From which maclaurin concludes, that 
when abed are fuldhtutcd tor a in tlie qitaiitity 
/ + 4 X A + / + 2Wha’" 7+ wc.v + /i), the 
quantities that refult will become -mKX, +miix, -mrXf 
■hmzx, where, fays he, the ligns being alternately nega- 
tive and pofitive, it follows, that h, r, 7 , muft be limits 
of the equation h+ + &c. = e. 

Here itis.taken for granted, that the quantities 
+;;;sar, ~mrx, +;«ZA*, aire alternately negative and jx)- 
fitive, which is not true, unlefs the roots c, <•/, be 
either all pofitive or all negative. 

For fuppofe a, 3; r, to be pofitive '''’' quantities, and 7 a 

fa), Philofophical Tranfafiions, vol. XXXVI, Mr, MACtAURW, who ii 
here very diffufe upon this fubje£t,- never meniiow my exception of this iom 
la his Algebra, art, ,44. part *, he. fay*, he ftatl only treat of fach equations 
as have their roots pofitive; hut k may be obferved, that hts reafoning from 
art, 4«;, to 50. holds in all aiustioni, the K»ts of whici* arc real,. The, theorem 
In.p. 182,, of, that treatife is. not general,, though applied iartho eleventh ch^ter 
to the deraoofiration of nrwton’s ■nilc 'fdf Imdittg ' impoffihJc .roots in 'all 
equations, ' . .. " ' , ■ 

• ^ '■ ^ ■ .,»egatiye 
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negative one; and then the four refiilts will be -mKaj 
-mrc, -mzd, 

§ 4. In general, the roots of the equation 
nx^~'^~n-i > are always between 

the roots of the equation (a) becaufe the roots 
of this laft equation fubftituted fucceffively for x in 
nx^~~^-n-i . + See. always give the refulting, 
quantities alternately negative and pofitive; but when 
theleaft'of the afEirraative roots, and the greateft of the 
negative roots of the equation (a) are fubftitiited in (b) the 
quantities that refult will neceflarily have the fame jlign, 
and therefore it is poffible, that no root of the equation 
(b) may lie between the leaft of the affirmative and the 
greateft of the negative roots of the equation (a). 

§'5 . It is poffible even, that the equation (b) may have 
imaginary roots, at the fame time that all the roots of 
the equation a are real, which is contrary to what all al- 
gebraical writers have thought. For inftanee, the roots 
of the equation .'V®+ 6 a? “ 7,=<3, are 7 and -i, and if tlm 
'terms.! of 'tii.is: equation be, multiplied .by 
arithmetical' '"ferie.s where- ■, the :-comm<».;djiff^ehce'?.;^ 
the terms is equal.to a) the refulting equatim will be 
Ar*-!6 A?:4-, a i-, the, .roots of ■ wffich ■;are -evideutly impoffible. 

■ , §-6;. However, ■the-equp||w(?6-}ean never have 
two imaginary roots, when the roots of the eqpatloi^illi.) -■ 

" ' '■ ' 7, ' ■ ' , ,, 'are?' 



384 Milner’s Obfemaihns on the 

are real. For fuppofe thcfc lull roots to be +£?, +^, +£■. 
+4 -£’j -/, &c. in their order Irum the greateft to the 
Icaft, ami lince the refvilts which ariic front the fiicceflivc 
fubftitntiou of thefe quantities arc always alternately 
negative and jxjfitivcjthat cafe only excepted where efand 
-e are fubftituted, it is nvanifcft, that we fliall always 
have «- a of the roots of the equation (b) which will be 
limits of the equation (a), 

§ 7. It is remarkable, that whenever the equation a 
has all its terms complete, its roots real, ;tnd funic of them 
politive, and others negative, if /+«/;/ be affumed equal 
to 0, the equation B will always have one of its roots 
either greater than the greateft affirmative root, or lefs 
than the leaft negative root of the equation (a). Thus, 
in the q[uadratic A?’‘ + 6.r-7=0, affume any arithmetical 
progreffion o, i, 2, the firft term of which is ecjual to 
nothing, and the equation b in this cafe is fix- 14=0 and 

."af«^:^''%hich is greater than i, the greateft ■ affirmative 
root of 'tiie';aflumed equation. 

§, - 8 . Tho fo|)tt' Of >the equation (a) being 'ftill fuppofed 

4 m he taken equal to unity,, .:and 

/ any pofitive' integef whatfhevec, and in, that cafe, two Of 
the roots of -the' equsion'' «;■ will- lie'hetwecn the ■ roots 
d and and one of th^ 'wili>%e'|»ofitiVe|' and the other 
negative.' ■ ' ■ ' ' H'^,' . 

' ‘ " ■ For' 
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Tor example, the quadratic equation at® + 6 a;- 7 =0 has 
its roots I and -7 ; and if the terms of this equation be 
multiplied into 3, 2, i ; 4, 3, z; or 5, 4, 3, fucceffively, 
the refulting quadratic in every cafe will have its two 
roots between the roots of the given equation, and one of 
them will be pofitive, and the other negative. 

§ 9. The equation b, which in the laft article was de- 
duced from the equation a by taking m equal to r , and 
I any pofitive integer, may itfelf be treated in the fame 
way, and the refulting equation will, a fortiori, have twa 
of its roots between the roots d and -e of the original, 
equation, and one of them will be pofitive, and the other 
negative. 

§ lo. Xet reprefentany quadratic equa- 

tion, the 'real roots of whi^h are a and fuppofe a;= -» 
and we fliall have i -py-i-qf'=o., the roots of which equa- 
■tion^e I, y. Let the root of the equation aqy-t=o 
be equalto -^, and-“ will always lie between the quanr 

titles -~','''-y*andiherefore,one would think'. at 'firft fight 
that the quantity -A jpaxsfi always He between « and 
Bitt this would be contr^ to what is proved in ait. 7. 
In the .prefent Cafe , a can neverdie,. between^ 0 i tin-- 
lefs thefe two quantities have thh famd iigp, M it is 
' , ■, , , . obvious. 
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obvious, that the fame reafoniiig holds in c(iiiations of 
higher dimen lions . 

There obfervations, us far as I know, are intirely new. 
The fundamental propohtion (§ *}..) was, in ti^c year 
1775, communicated to Dr. waulng, Lucaliun profelibr 
of mathematics in this univerlity, and by him inferted 
among the additions to liis hUditatlones Akicbi'mca. 

.§ II. M. EULER, at the conciufion of his r3tii chap, 
Calciil. DifferenL has given a demonftration of des 
.cartes's rule for finding the numlicr of alErmativc and 
of negative roots in any equation, the roots of which ai'e 
■real. From what I have already faid, his reafonings will 
appear inconclufive, though I freely own, that what he 
has done fuggefted the following dijfterent method, 

Suppofe (d) L+?^a'+j»?.v*+i».v 3 . . . +ar«=o, and the 
roots of the equation (e) m+a.nx , * +/ia'"“"*=si 3 will 
be limits of the roots of the equation (d) ; and therefore 
'■'there' .muft ’be', at, leaft as -many' ‘iwfitive- roots -m the 
■jeqtiation '(■».). 'as 'there, are^ in the equation (e). The fame 
may be faid of the negative roots; for fmcc every 
root of the equation (e) lies between the dijfferent 
'roots of the', Equation (s),' it .is impoffiWe that the num- 
'ber of roots' ‘'flio^<i'‘*bd;,;,ie'fs;' in/, cafe. Suppofe 
.h and .Ma? to be' both poliMve, 'and fince the lafe' term in 

See 'die end of ,f roprietfttss 

anv 
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any equation is always the produ6t of all the roots with 
their figns changed, the number of poiltive roots in each 
of the equations (d) and (e) miift be even: therefore, rlie 
number of politive roots in fo) cannot exceed the number 
of thofe in (e) by unity ; but there is in (d) one root more 
than in (e), and confequently it muft be negative. 

If both the terms l and mx are negative, becaufe then 
the number of politive roots in (e) and (d) are even, it 
follows in the fame way, that there is one negative root 
more in (d) than there is in (e). 

And laftly, if the terms l and mxhzvt difterent flgns, 
for the fame reafons there muft be one pofitive root more 
in the equation (d) than there is in (e). 

DES cartes’ rule is, that there are as many pofitive 
roots in any equation as there are changes in the figns of 
the terms from + to or from - to +, and that the re- 
maining roots are negative. From what has been de- 
monftrated it appears, that if this rule be true in the 
equation (e), it muft hold alfo in the next equation (d) of 
fuperior dimenfions ; and as we know that it is true in 
fimple and quadratic equations, it muft therefore be true. 
In cubics, in biquadratics, and fo on . 

This is one of the heft rules we have in algebra. Dr. 
'«AUNDERSON faw fuch an infinity of cafes in equa- 

ftj Vol, II. i», 683. Algebra. 

VoL.LXVin. Ddd tion« 
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Ls of dimenfions, that he fcarcdy hoped fora 
encral pr^of. m,vc.^«.n’s method ts phunly tm- 
p„a Jle tvhcr the roots arc numerous, and there ore 
this condfe domonftration »U1 perhaps be acceptable to 
mathematicians. 

///) Pane 145. 
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1 c, h. 

SIv by bk 

.c. 

SK. SE by li. 

)c. 

SE hy E, ESE. 

) 

E by S. SE by E. E by S SE by E. 

1 

SK. ESE, 

* 

SKbyE. V. SSK, V, ESE. 

1 c. fr, fc[. 

SE by E, V, SE, 

% fr. 

SE by IE V. 

. % fr. c. %. 

SB. EbyS, ESE. 

' i 

SEbyE- SE. 

f. t '» ' 

SE by E. 

/CL 

SE by E. ,SE. 

E. El , ' 

SE. EbyS. E.SE. EbyS.; 


i 


c. 14 c.' ENE. . 

fr. -V. '.ESS. 

r; -V. ■ ^-'' 7 NE. ' Y. 

%.’r.c.;'e: , - c; N. f: 


D.L. 

A.O. 


N 


D.L, 

A. 

T.K 


WIE 












Magnetical 

Longitude from Greenwicli 






COA 

Long. 

Variation 




Dip 


A. 

TK. 

D.D 

■'I 

]). 



E. 

ij. 

Latitude 

• Az. 

Amp- 

Face j 

MD. 

C.D. 

T.K. 

S. 

0 . 

A* 

1 

0 . 


E. 

W 

0 / 

0 / 


0 / 




0 / 

0 / 

0 J 

0 / 

0 / 

0 

Q 

0 

0 

W 

W 

E 

w 




s. 

s. 

w 

w 

5 V 





23-30 

25-47 






16.17 

15-33 

27-37 

■* 2.43 

* 2.42 

3-4 

3-4 

3-4 

'3 4 

24.27 

26.53 






1746 

16.59 

28.45 

1 . 48 '^- 

''I- 4 S 

1 . 36 * 

* 1 , 49 . 

5-2 

S -4 

5-3 

6.2 

25.20 

27-45 






18.58 

i 8 «ii 

29-39 



7-4 

8 . 

7.6 

8 . 5 ^ 

25.42 

a 8 . 8 






19.47 

19. 1 

3 °- 4 

0 . 42 ^- 


9.2 

9.6 

9.4 

10-3 1 

j 

26 . 2 

28-33 

105 

1 

30.18 

3 

iV- 

^ > 

; f-t 

0 1 

20,47 

19-59 

3031 



II. 

11.2 

II . 1 

1 - 2 . 

26.29 

29 . 4 

138 

120 

31.22 
31 . 4 

3 

3 

0 

0 

ll 

23 

22 . 9 , 

21.29 

31.15 

E 

0 . 20 * 

E 

0 . 13 * 

13 - 

13 - 

13 - 

13-7 ■ 

26.12 

28.47 

■ 145 

3 I-..X 2 

3 

Q- 

IS 

( 

22.48 

22 . 8 

30-59 


0 . 44 * 

14.4 

14.4 

ji 4-4 

15 - 3 . 


s Not very 
fteady. 


Pretty flcaciy. 


Very unileady* 


Pretty feeatly. 




M L. 
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II X 


'p^ird- part^ freip j^ale-s and iqnaHy. lAUter, muderare and 
fair. A.M, Fog Hank e.-<ac'Uy like an the ourlh 

periVtidly well Jefineeij eYcc])t the eYLmniiicii ; I never be- 
fore; C\\v any cloiul io liki; land,. I’.S, 74^. 

I CliangecI the pob’S of the dipping-needle. Mean of ihc va- 
riona trials charged and re-changed viz, 

E. \V. MI). 

Changed the poles, marked end dovn, 4.4 4 . 4 .^ 

Ro-changed, -ditto up; 2.6 3 . 2.7 

Ditto, ditto down, 4.4 4.6 4.5 

Ditto, ditto up, 4.4 a .4 2.4 

Mean 3.4 34 3.4 


104 Conflant trade wind. T.S. 749* 


SSlPErR part, moderate. Middle, hard ftpualE and rain. T.S. 74'^!, 

r A.M faw a bird like a booby, but /lioiter winged and<nccked; 
^ called by laliors, poor John. Light breezes, iVcli mud- 

I _l. .. ^.,.5 'Tf' C _ .0 


54 


69N 


abated, T,S. 742 

to the NE. the clouds very remarkable, being in whiu' 
‘ curved rays, like the variation chart. At 7 A.M. faw Tri- 
nidada from mall-head SSE. At 9 vlfible from deck. At 
noon, Trinidada S 36*^ E ri leagues. Major part, m>)d, rate 
breezes and cloudy weather; winds variable and fmootl 
water. By the bearings of Trinidada at nfc/n, allowing it 
to lye in 20^ 27' S according to Dr. hall r, an 


] Its longitude perT. K, 

^ Mean diif. T.K. and ]) 8 ohf. O ^ 


87 


and I Tjc 

Long. 3 obf* © and ]) i obf. At. 
By I)r. HAL LEV, 

Diff, 

I T,S. 74^. 


At Sun-fet, Trinidada E by S S 3 or 9 U- agues. 


'Mohly light breezes and cloudy. T.S. 7.1.T 


1S.13W 28-13 

1.5S Sobf. 0 


2,12 


3 o, 1 1 S obf. 0 S: j) 3 o- ■ 
29.50 29.5b 


1) a ii 7 
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Longitude Doiii 

GreenwicK 

A. 

TK. 

D.l»- 

T.K. 

1 

0 / 

0 J 

i 

0 ^ 

w 

w 



22.36 

25, 6 


f 

19.X4 



1 

!; 

1 

16.28 

1 

1 

i 

! 

19.24 



1 

1 

^ 4%53 

17*33 



lW 

16.29 



11.45 

H *30 



) 9.24 

It. 34 


i 

1 

] 

7.J-9 

9.27 



6. 5 




3 * 5.5 

5*57 


. 


Latitude 

- -A... 

Cor. , 
Long. 

1' A. 

0. 


0 / 

S 

3^* 3 

0 J 

S 

32. 8 j 

0 / 

\Y 

27,10 

! 

1 

33*^ 

[33*19] 

[-4* 5Jji 

33-35 

33*35 

!! 

21.22 jj 

34 ’ 9 

? 4 - 7 

*1 

i! 

19.-28 1 

34.26 

34.25 

18.21,. 

', 33‘37 

33*34 

lO.K) 

33*37 

33-23 

13,2/D 

33*37 

33* 9 

1 l.lo 

33 37 

[33*2^3 

[9*533' 

33*5 ^ 

33-48 

7*|7 


i ' Oi ^ 


!luly 
1 3ci 


Marine Barometer 


I' 


: 6sr 


Au 


i ul,, 


j'uDec. 


30m- 






30.11 


i 2- 


ill 


i 


' 6 : 


7 


, ' "'i'' ■ 


SSi 


54} 


sr 


53 


561 


6o||^ 


29.9 


29.3 


ri). 


A 


62 


30.1 


29.8! 


29' 'll 


29.2I 


29.8 


30 .D| 

.30' 2-1 

-gO.Of,, 

30.0 


D. 


■ V/eatlier and Winds. 


in. Dec, 
30.il 


551 


S'N- 


Sof 


.52' 


1.56 ' 


.60'' 


59.81 


29.2^ 


! r c. fq, 1% c. fq. 
I 1 % r. c, 

1 c. fq. 


NW hy W. 

NW by W. 'mV hy F- 
NW by N, 

KW by N. 


■ i. c. iq, r. 

iq. r. hfq. 

^ hiq, r. fq^ hr. hCq, 


NW hy N. 

NW by N. 

NW'byN. NKW. NbyW. 
K, 


• iq L. 

Iqj iq If. tqj r» 
fq. c. 


f;:: 

e. r. L. tq. 


■ c. bqj r. L. to e.n.e. 
h. fq. 

fq. L, r. c. Lj r. 
c. L, r. fr. 


NNW. 

NNV7, 

KNw. KW. wmv. 

“vB" 

W. V, w i»y S. 

W hy b. WSW.. 

WOW. V. W''’ hy S. 

NE by K. 

KNE. V. 

NEbyE. H. WNW.V. WO 


i 


r r. 

I hard gales. 
V dilto. 


W by N. V; W by S- V. . 
S by E. 

S by E. r 

SbyE. SSW. J 


■ h. fq^ r. SSWO 

% r. bail. SW by S. 

fq, hail, fqw bail. fq. SW by S. V. SSW- 

■ fq, fq, ha’ih hfq, hail. S by Vf . 


id's Iw<» 

A*0. 


D.L, 

■A. 

r.K, 


N 


1 


:W1E 


',3cS;6 


'lAijirshS;';.': : 


Ilq, r, fqj hajL Iq, r. 
hail. fq> h c* 
c, fq. fq? r. 
fq, r, -Iq. fr. 


SSW, S by W. 
SbyW, S. 

• S. 

S, S by B. 


j 

}%, ( 

A 




S. by E. C. 

NNE. C„ ' NNE. 
‘NEbyN, V. NKE. 
«NB. MEbyN. 


I, ;f ■ 'i 

Jdfei.'.c-fib'ic. 1'NitE.i 


II 


H 


26- 


16 


12 


25i 


P, 


Masiictical 

O 


Varialion. 


Az. 


O t 

E 

2*26* 
%■; 1,2? 


Aini: 


/ o 

E 

^1.42 


South Dip 


F ace 


E. 


X¥. 


^MD, 


IC.D. 




w 

-OS 


vlL 


;(ioS4 


31.7 132.5 iN;tfic-i.!y. 

I i 

I I 

1 I £ iMiuh inotiou, 

i I 

1 ' 

I 

135*®'”' ^’'hry viu^eafy. 


1 1^2 S' it^creafng gale from NW quarter, with frequent fciiialh 
1 9 EM.bar.qo.i|. B A.M. 30.7.2. T.SW5'^J-. 


f00**t 


:U-4 


\V 


O'- i 


a 8 ^' 


34*4 


35 " 


W.6 


COjjleatly. 


j:?’ 


35" 35"^ 


, / j phi very un- 
I /- itcAuy. 


^ Ni) oh(. luo 
I nuith It\u 


xE. 


141 


W'l’y iv.iOi .ul_ 


8O: 


55 


129' 


1 1 : 


' 103^ 


62 


109 


II7222 


y Strong gales, wkh hard fqvialls and rain. 9 P.M. bar. go-hN 
2 tn. 30.1. 8 A*M. 29.9I. 20, 29.9. ji 2 . aqA-J. 

r Firfl parr, blo’.ying very freiU fiom N.W. Latter, morel 
-f moderate, with vtn-y large Tea. Bar. ij. aqyh a-l;-. 29.7.' 

L 4 ' '^ 9 *^" ^ 94 '* xo. ay.S. AAI. 7.” aq.B. 

[Major pmi, light breciscs, with great Lvtlh 

f Winds varialhv with fqnaHy weather aixf cN-mruf'd fra 
J bar. 3 P.M. zp.S 6, ^ A.M. ay.'; 

I c) AAl. 2y.2|. About noon, it a pf eared very Uireatnliq 
^ to the Nunhwajxl, bat the clouds diliipatah 

f Firfl pan, fqaally with Tome vain. The middle, c'tcclhvc| 
J hard galer, with a groat Tea *, and the ipvay lo thick that 

I the iliip vm'f covered with ii. a P.hL bar. eo.rjp 4" 

t 0. ;9.z,'f. 9. ly-s. 7 A.M. -.vj-yO 9- 49.7^. it. j.j.S.j 

f Siuialli, Weather, withmeeh hail and rain, and ,i Isfgcfv/ell 
d Bar, ’4 P.M. b* 29*9. 8. 3^.0. 7 A.M* jc.o|. 

I qA.M.jo.cF 

f Firll and middle, frdh galfti andfqnally.- ^ X-atter, rooderatoj 
f great fwclL a\M, feme iilver Urdiw Bar. z P.M. 30.0^, 
,|^ 5, 30. t. ifo. 30.2. 7 A. M, 30.2. 9. 30G“ 

■ ' ' , ' ' . ' J 

r Fiffp 'light 'aVft, V/kh blow:!/ wediher, Latter, 

'< \fih iviim F.NL ‘.ypnns, appeared very 4im 441! dhidzy j ’a 

L' rip. rodatd the'B,toon,, 9 A.:M. ban 3P»a'J«' ^ ip 34 ‘^i'i ' 

{ Fkll andkmiddic? hard gales, Xmter, 

roodbme„,4ma ' ha2y 3 greatB'folL A.M. fome dilver birdG 
ja ^intqdoi bird. ■ ^Bqrv ^ S A.M. 29.9-1. 


* L'cl'd 8 
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Magiieticai 

_ _ ..jA-.. 











D.L 

DL. 

A. 

Longitude from Greenwich 

-A- 






Cor, 

Long* 

V ariation 


South Dip 

-A.> 





Th. 

Marine Barometer 


Weather and Winds*, 

A. 6 

T.K. 

A. 

T.K. 

D.ff 

A 

(T 



E. 

D. 

j I atltude 

f ■ ■ 

Az^ 

Amp. 

f— 

Face 

MD. 

C.D. 



W 75 


f 

R. 

S. 

Th. 

D. ' 



N 

'|S 

Wjii 

1 ,K. 

U. 

S. 

0. 

A, 

0. 


E. 

W. 



oa. 

28 

0 

72 

In.Dec 

30,21 

in.Dcc 

30.2 

0 

72 

In. Dec. 

30- 0- 

' r h - 

1 

1 iq. C. fq. 

t fq. h. 

E. E by S. ^ 

E by S. 1 

ESE. E by S, f 

E by S. ESE. J 

/ 

16 

/ 

/ 

/ 

8 

0 / 

E 

76. 9 

0 f 

E 

79.10 

i 

E 

0 / 

E 




0 / 

S 

24.17 

0 J 

S 

G -54 

C / 

E 

79 - 4 

0 J 

W 

0 i 

w 

0 

0 

0 

0 



29 

73 

30 . 2 i 

30.2 

73 ? 

30- 0 

N- 

1 C, fq. h. 

1 h. f. 

ESE. EbyS. ESE. 

E by S. 1 

ESE. EhyS. 1 

K by S. E 3 K. E by S. J 


2 

8 


76.52 

79-45 

35 

56 

79.10 

78.49 

4 

4 

G 

0 

27 

10 

22.54 

'S -33 

79-33 









30 

75 

30.2 

30 ' if 

74 i 

30a 

rf-i-i- 
0- c. 

1:; 

ESE. I-: by S. A 

ESE. E by S. [ 

E by S. [ 

E by S. J 

5 


15 


77-39 

80.17 






21,11 

16.45 

79-59 


4. 4« 

46*2 

47-2 

46.6 

47-3 

irnfcady. 

31 

77 

30.1 

3O.OI 

77 

30.0 

{ h. rq. 

j R> r, fii- 
1 % 

]' Sli. li i>y b, T 

K by S. [ 

37 by S. 3 A f 

E. ,E by N. J 


3 

I 


n 

0 

78.10 

80.51 






19. 8 

14.45 

80.27 

*3.17 


44 - 

45 - 

44-4 

45-1 

Ditto. 

Nov. 

i 

78 

30.1 

30.0I 

781 

30.0 

f >'• *■- 

J fq, r. h. 

j h. fq, hr. 

1 f.,. 0. 

E. VE. "M 

E. 

E. VEr. f 

V'Fa. j 

J 

1 


1 

78.17 

80.59 






W -15 

12.51 

80.29 i 



4 M 

42. 

41.4 

42.1 

Very flcady. 

2 

81 

30. 0| 

30- o| 

81 

30.0 

(i: 

^ h. f. 

E by A. 

Ep)y S. 3 C by IT. 1 - 

V. E. E by A. f ^ 

IMwN. Ik ■ J 



10 

! 

78.26 

8o-.5S 

1 14 
108 

79 - 4 
79.10 

8 

6 

i 

0 

0 

42 

30 

15.44 

tl.20 

80.22 

1,20-* 
'■A. 12 

'^1*42 

38.6: 

39-4 

39-1 

39-7 

UnkcatHy 

3 : 

81 

, 30 -o| 

30.0 

8o| 

29. 9I 

f;- 

1 1 

5 


9 


79 - 5 

81.28 



i 



13-47 

9.18 

80.46 

0.59^’ 


35 4 

36.4 

36. 

36.6 


Not ilwdy. 

1 

1 

4 

82. 

30 -Q| 

29.91 

82 

29.9-1 

Ir 

E. Ir. l)y S, E. n, 

E. ' ( 

E. f 

E. ; j 

5 


’3 

1 

i 

79 ' 3 ^ 

81.46 

I 

82 
4 i : 

80.24 
81. 5 

6 

6 

< 

A 

i qt j 

17 

28 

”-57 

7-23 

80.58 

0. 3-' 


32.6 

33-6 

33 -" 

34 - 


5 | 

82 

30.0 

29,91, 

Si| 

29.9 

If 

E. 7 W -j 

E. , , ■ : -, - \ 

E. V,, E. ^ r 

i-b b J 



1 

18 

i 

i.. 7 , 


80.19 

:y ; 

82.1 1 





1 

10- 5 

5.26 

Si. 17 

*0, 8 


29.2 

29A ' 

29.4 

30 3 1 

t Exircwicly 

1 head 7, 


ML 


3443 


96 


93 


1 1 ■ 


U 7 


i Ii 4 i 


r Moflly frelli gales from EaiXw:uxf, widi lipalls aiul rain and a 
J large iVell. Several birds as before. A.M. many hying 
I Bar, very unfleady, r P.M. 30.2 J. 4. go.i-J. 5J;. 30. r..! 
^ 6.30.2. 3.30.2.^. 10. 30.2-|. J2. 30.2J. 9 A.M. 30.2^. 

^Frcfli gales, wirh feme Several lairds as before. 

P.M. a large white bird which fiajiped its wings and dew 
high, unlike the birds which arc found in the main fea. 
G long. QaudiJ 77^ 39' E. Bar. 2 P.M. 30. x|. 4. 30.1-^ 


6. 30.i|. 10.30.2. Ilf. 30.2. 8 2V.M.30.1-J. 9. 30.2I. 

10. 30.2-|. 

/ Strong gale?, with frequent fqualls- Some birds as before. 
Vah docks of dying lilli. Swell abarccl. Bar. 2 P.M. 30. 


j 3 * 4 - 

30.X-E 9' 


30.2. 12J. 30.2, 8 A.M. 


Squally, pew birds a? before. .Swell Incrcaff'd and weaihcri 
vuilbstled. G long. 0 and]) 79^ 14 Ih Hai. z l\M. yn.x. 
4. yij.r. 6. 30/.V 10. 3C).r- 12E 30.1. bA.M.go.cA, 

8. 30.C5. (> j.-'-.J. icI. 30.cJ, " 


f Squall}'. P.M. a tropic h‘rd, which refembic.'; a parequf'i' in 
j fhapty but I'l cT a, whitidi grey. Sv.' cl 1 mncls abated. <Horig. 
'] G 79'^ " P-M. 29.9!. 4. 30.0 

y{. 30.0'|. ui* 30.0. <) A.M. 30.0J. 


6. 30.0, 


j f Modt'ravc lucf'/.es, w^lih fame ftiuallis. A.M. fw bird;.; rhe 
; I grey wbite under wiug^ ; fu'quenily ovcrcall. A.M. a lutlc 
9 ~| q nioic fwcU from Korthwaid. G var. 3'*1, amp. 2'-‘’4'v‘. 

iz-J. 30.04. SA.Mj 


A .A. .V 


Bar. 


P.M. 




30.^4. 91*. yo.cnA iK. 30.C 


I 


f ricafint gale, wiili fair weather 
I a tropic bird, with hlnvk wingi 
\ tance, k flapped the wtng'^s vr!*y 
j var. a/., c/^q 0 ° 32 ' '* 

t 7 iA.M. 30 .oi. - ■ 


A.M- a bird, larger than 
wings and white body at a dit- 
•y much . 2\ head fwclL 
A Bar. 2 P.M. 30.04. 6. 30.0,]. 


FT g 5 P*''*'*” P^'M. forne Southmt /■tpAeq very ran 

44 and mailoulcfs. Ban 2 ^ 2 ^ 9 ' 9 'i' "b-yj- S. gfxo. 

Frelli gales, with fair werithcn P.M. a large, bird of the 
I houby kind above the flip; it had a long neck, and was 
, I fomething in Ihapc and fr/x {ik<- a wild goofe. At night, 
I 4 S<hitJ!an .‘y/jrq iomc diverg-ng kt rays duwnward-q fjmc 
I 10 I like a rare c]t>\uh wry linle motion; a faint ring 'round 
I (( . vk.M.' four troj)!!' birds, G var- 4 ax. cP ii 

|4434 I 4' ^4 '^4 P.M. 29.9J. 6. 29.94. ^ A.M. 

r 29.9. 8. ,29.95- ! ' 


^ P (J d 12 
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1 6 
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Tfs 


Th. 


20 


21 


22 


23 


8i| 


81 


80 


831 


Marine Barometer. 


Wcatlier and Wind?, 


R. 


Iln.Dec. 


82 I 


81: 


82 


Th. ! D. 


[n.Uec 


29 - 9 ! I 29.9 


50.0 


29 . 9 .^ 


30.0 


29.91 


30.0 


30.0I 


30.0 


29 9 I 


29.9 


29.9I 


29.9 


29 9I 


29-91 


29.9I 


29,91 


tio; 


So 


831 


82 i 


8o| 


8i| 


82 


In, Dec i! 

29 . 8 ^ 

299 I 

i 

j 

29.8.] l-j 

“ 9-9 

29.81 

29.9 


29 9I 


29.9 


c. r. fqj liiN V* 

c. Ttb. V- WbyN, by S 

r. % r. c. W by S. SSE. SSW 

c. 


■ c. if, hr. 
hw 
luh c. 
t.. r. c. 


S\V. S. 

V. SbyW. 

S by AV. SW, 
SW. 


fcj!, hr. c. fry S- \ 
c. hr. c. %hr.Sby W. SSE» SE 
if, hr. V. S by E. 

r. c» ’ by E. 0 . 

' £ fy <5. 

c.r„ EbyS, 

1*. c. E. EhyN. NKbyE. 

■ y V: by E, N E by N. hyJZ 

c.%r.ihjyih,T,jhr.NNVvb NW, V» 
rq.t:h,L,hr. V. C.. V. C. 

r. c. V. N. 

.c.r.c, K* NbyE. NE by K 

. fq, fr. Iq. iNE by N. Hhb 

i'q.i<|,L,hr,hr* NEbyE. Ebyhb. EEbyE.SHb. bIX? 

hr.fq/ V* SEbyE. SXb SEE. 

c.% flying ft, SSE- SbyW. 


r 

» r, L. to iiw, 
h. _ 

[ h. r, h. 

SVVk V. 

V, C, V. 

V. c. 

C, V, W, V, N, ' 

c. fq. 

’ N. HbyWft 

1 ft. hr, itf 1 % 

' ET by C. Sli py S, ,, V. 


V, ' 

r- 

NEbyE., C, , , , , . 

r ^ 

C, V.', ■' , /' 

c, , - 

'W'mSfjA'.' 7 ' ' 

e, hi 

? SBbyW' 'NE. 7 . 

' 4 % 7 ; I'yw 

."NEby.E. Nt NNE.'" . 



nOIEI !; 

I Eloftlv variable v'snd and rain. P.M. a failj uiewed Frcircliji 
I ] colours on Ering a gun to fpeak with !iei> bui; clii r.ci!j 

7 E' ] ihorten fail, Saeral birdr and many Eih. Bar. a P-M.il 

I V ap-SE 6 . 29 . 9 . 12 . 29 . 9 , 1 . S ATE. 49 . 9 ^* 1 




r Flrfl part, moiilv fqually with very he?ny rain. Middle inc’jj 
, j latter, light airt. ?nd cloudy- with fonie laln, 0‘s Lmb notj 
57 j I very diftniil when k*:g. obfcived, E:r- 2 ihM. zy.ej ' 
^ 4.29.8^. 10. 29.o-|. 12. 29.9-I. S A.iM. aq-o-T. 9. 

fVtry unfettied weather with rain. Bar. i P.M, 

I 2. 29.9. 4. 29.9, 9I- 30,0. I A-M. ^^99}. 9 ; 

I Ji: Pr/: :if At /'r: 2 -;:rt'E. leiJ r.o ?,’;av5,»;, but 'U kii ibe face E.ti., 
was at I2°i; when moved a little, it riWjb' u ,v:4 
when, moved with the iace to Vfef, tk: j’-rd.’' u w’e,:,'' 
anAj'iOfJsI Liny "ZJiJiri. Movec. ieverai l*rnes, it gu-iiieu witr. 

^ - I 

w i;'ir J ^ ‘■‘'■r I 

f Mollly iigjit breezes. P.M. faw twodcq h'ns, heard a tryde^ 
J bird m night. A, M. caught tv'o ciolyhins. 

? and app‘ af aect. nf Jperh a: Jai. Ear- ^ 

^ IhM/zoftI- 4. 25.SJ. 12-1 A.M,. 29-9. 8. 
f Variable winds, with rain. P-M. ?- iwallow v ..rh ihort 
ivings and white break. A.M. a Irnall land t-rd iha^ed 
like Cl water wag^tail, bet in colour Bke v-va a 

ifv/ veibAviik fed.tk*rs in ^'ne iiauk- ek..M. a i/ivd .at uin 
like^a gpnnet. Bar. 2 P.BI. acEft 4. au.SE 6. ay.lid ■ 
i A. Vi. 29.9 >. S. :9-vJ* 

B'reib. bieeiie*^, wiili ftnic IqU'dls and a groat deal of raiy 
Ihe land bird aboard ft ill. P.kl. heard a bird, i.ijyv.kdl 
1 02 ' i to bo a boeftt'. A.M. p.ahbd a drifts a IriapCG: 

' 1 like a plovor. A black fea bird at a dUtaiiCe. Bar. i P.M.| 
29.35. 6. 29.8%. 1 A-M. 29.9. _^7|. 29.9L 9. 29.9- 

L 10. 29.9-1* ii5a9.9|. ii|. 29.9I. 

Variable, wdth rain and calms. The land bwd aboara Idli.j 
A.M, faw a tropic bird. Faffed a drlfc. Light airs, Bar,| 
X P.M. 29.9 1 . 2, 29.9. 4. 29.91. A 29,04, 7. 29.9 

I2| A.M, z'ypj. S, 29-9J- 20. 30.0. 
f Major part, light breezes, with feme min. The land bircj 
f aboard ilill. F.M.iaw a booby, fome fift of the pnrpoiitj 
kind, A.M. a horfe flv, feveral riplings, andmanylilh. 
Wfttcr luminous at night Bar. 4 F-M- 29.9-V 5. zyql: 

12-IAAI29.9I;. -,7. 29.91* 8|. 30.0. 9,30.0, ici-S' 3 .'^ 

I Firit pan, calm. Lairer, light breeze from KE, with hazy 
wecii-hor. The IfU bird aboard iVilh A.M. Several iropw^ 
d birds, Falftd 2 kmbooadnft. Water luminous at rn.ghi,; 

Bar, 4 ?.M. zS'9'h ' 9 * 9 * 29.9^ -9 


' ^ D 'd d 13 
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O' 




!\ov\ 

qo' 


Dec. 


78 


Marine Barometer 


R. 


In. Dec 




S3- 


S3 

84 

S3 

80. 


8i| 


! 0.0 


30,01 


,30.0 


3o.e| 


3I.OA 


In. Dec 


;o.o 


30.0 


29.9^ 


29.9 


29-92 


29-9! 


30,0 


30.0-1 


, 31-0 


D. 


1 V 




d ^ -r. 


83:' 


8 c?- 


8i| 


In. Dec. 


29.91 


29-94 


29.9 


29.9 


29 94 


29.9 


29-9 i 


30.QI 


Weatlicr arid Winds 


r 

KF. by E. 

j 

ENE. 

1 

EHE. NE by E. 

l h. 

NE bv E. 

r-'- 

NEbyE. N. NE by N. 


KiTry N. NNE. 

1 h. c. r. 

irNH. NE. 

1 fp, V. fq, lit 

, XE. V. 

r ‘‘1, ^■ 

V. 

r.c. 

V. KR. N b)- E. 

c. 

;-J by E. KE by N. NNE. 

u, 

NEb.'tt. 


NEby In'. NNE, 

1 

KEbyM- XE. 

1 C.h. 

NNE. XbyK. 

1 It. f. 

N. XXW. N bp hV. 

r h. 

NNW, XVA EWbyW. V. 

j h.c. L-ton 

w. V. WNW. 

c. 

IVN V. 

4. 

S'X. V. ssw. 

r 

SSMh 

h. 

SShV. s. 

1 h.f. 

S. V. SE by S. 


SE by S. 

[ " 

SE. SEbyK. 

J f- h , r. Ch 

fr-SEbyE. E, ENE. V, 

j fq, hr. c. 

V. C. NEbyE. 

A. 


r^- ' 

' itNE. NEi by E. 


XEl by E, XE. XfE by E. 

•1 c. 

X’e by E. 


NE bv E. ■ 

rh. 

EKE. , ’ 

je.r. 

ENE. ; ' ; 

] 

NB'IBNE, ' i 

1 f. h. , , - ^ 



D L 
A.O. 


Ihi 


J 


D. L. 

A. 
T. iv. 


vV .i 


Longitude from Greenwic’n 


12 


O J 

E 

90.15 


90.36 

91*20 

92. 4 

92. 16 

91.58 

91.16 

89. 26 

87. 9 


T.K 


O / 

E 

87-19 


«7-34 

88.13 

89. 6 

89*21 

89. 8 

88, X7 

86.10, 

83S2> 


1). d 
T.K 


E 


S, 


O / 

E 


Oj 


97 


1 16 


?37 


188 

205 


L7.29 


87.2s 


86, o 


80.42 

8'.,^- 15 


I atitude 


ii. 


' 4*3 

'■'1' 


■^“A 


•^a! 


12 


28, 


o / 

s 

7-G 


O, 


s 

lO-SS 


7 . 2 A ,! I I. I 


I c-or. 

I hong. 


7.17 


7. 8 


7-52 


8-39 


9.43 


XI. o 


11,27 


10.50 


'^’33 


12. 2 


12.56 


2 ! 


1417 


c / 

E 

S4 SS 


85.58 

! 86.49 

87, 2 

86.47 

85.44 

*^3* 45 

81,22 


Variation 


Magnetical 






o / 

E 


Amp* 


South Dio 


Fa:e ^ | | 

jMD.iC.D 

E. I \v . I I 


o / 

E 


1,32^^ 


'•' 1,12 


1.41^ 


■' 1^22 


3-6 


2.2 


3- 


S-4 


6.6 


7.6 


8.6 


9.2 


4,4 


2.6 


2.6 


S 6 


A,o 


II , TT 
I; 


59391 


3.3 jV>i-y lisaiiy. 


8,2 


3-3 


S-S 


i.i 


2.4 


4.6 


D. I 


s Moderate breezesj ard moillF hazr. Sar, ^ P.AI. 20.0^. c ^ 
1 29.,f. 8A.M.30.D. ' ' D 


E retry iXeady. 


Not IXeady. 


Not very fready.j 


:V ery fieady. 


>' erj fteady. |i 


I r Tariabk wira'^ and weatherj vdrh much rain, A-.M. ofe-aL! 
land birdj j rebaoiy iduie ;ve l.f: km:- d’.ys ago." B:v'[ 


47 


8. 7' 2 Pretty fteaJy. 


9*2 i 9. 


9.6 


94 


0.2 A- 




iP.M. roc. 6. 2 c;.£;|. 9|. ^o.c 4 

12^ A.M, 29.9I. ?!• 30-0- 8- 3C.o|. S|- 

|'■F.rft party fvaaliy v/iLhyain. Pair 6 P.M* wearder IrA'c, 

I vciy black and threateii.ngj but tLe fcarometer d u yet fal 
j and it camt to norh-ng* M.dile ana Lnct. mcdc^i'elj 
4 A.M. the fame land bud. Ear. 2 r.' I. 29 " zl. O'-. ' if 

I 4. 29.9. 6. 20.9, o|- 30.C. r A- A.hl.Dc.rA, “6. cd-c.ll 

t "i- i 9 - 9 i-- H- 29 .?|- IIS. 25. A- ' ' ' ' jj 

r DecreaPng breeze^ with pkafani xvraiher. A-M* the fcL' ! 
j land bu'd. A fnaall tnew about ihi 1. Bar. 2^ P.M 20 • i 
} 4. 299, 7. 29 9-|. IS. 29.9I. '7 a.M. 29.9I. El ; 
^ ^9-9l‘ ' ; 

I 

I^BIoniy light airs. A-.TiI. the Arne P..rc Ifrd. Bar. 2 P.M'.'i 
29 >^|- h 29.81. 10.29.94 1-^09.94. 7 AiLV 7 Dij 


Light breezes. A.A!. the fame land bird. P.M. a bndbirc!. h 
50 1 au ^]. Bar. 3 F.M. 25.9. 4. ^9.95. 7. la.cy 

R 7A.AI. 29.95. 1 1|. 29.93. ; 

( F rfr party noierate bremes. M-hiflc or cl iitreo fry: ah'- , 

! The taaie land bird on r. ara. A irrid lark on r.iZT.l 

D Saw afr.cn Hand ag to kb; i: h-dilA Br.c Iills oducr.. i 
D Bar. 4 PM,.y9,9k^ pA za.c. ^ 29. .y [ 

- zc. 20,0. i2t A.M. 2L.*k. 12-k c- n -•! O' h ; ah, er.-,' 

L 29.93. D-* So.D 

j- F^eih gales, aviih pAafant weather. The fame h-ULl MiJ 01 
’i boaid, A mettled eii'.i cu-'ac cn h'-rnl. 3 jr. 2” I'.hi. -‘■9.2-7.! 

^ T-9-A* 6.29.9I. 10.30.0, 8 A.M. 50.4, ir.30.:A 


/O 


Tery Heady. 


:&624 


j- FreiTa breeze throughout-. A fmail Land bird abaark Ei\ 
{ 24 P.M. 29.9-2. 4 30.0. 6 . CvO-O. , I T A.,M. 2 2.0> 

I 30,oT o. ^ ~ - 
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ERRATA and A D D E N D A in the Grenville’s Journal* 


In the explanation of weather dr. denotes driziing rain^ and a comma after any weather raarkedy implies that 
^//the weathers^ fo feparated by comma^ are conneded: thus, fq, r, tli, L. im^lj/qually with rain, thunder and 
lightning: fq. r; th, L. imply fqually^ rain^ thunder and lightning, to have all been in the period of fix hours, 
but not at the fame time. 

In the explanation of the 5tli column, Jbr N denoting that the read N denoting that the latiludehj 

obfervation. 


iDX.jjLong. from Gnu 


D. L* [Long, from Gr* 
DX. A. 


D«L» A* DX- A. 

A.O. T.K. Latitude A.O. T,K. j I I atifude 

For — A. TK. , *- yRtad A. T.K. 

NISWiE A. ! O. NIS WiE A. I O. 


May ad, . — 

4th, — . 

8th, 

9th, 

loth, add 4' to Lat, A till J5th inclufive, and 


1 8th, in column for W readY, 


a^tb, fubtraft 10' from Lat, A till 20th of June inclufive, and 
June I ft, fubtraiSl i o' from Long. A to 2 5tli of June inclufive, and 
Stbj ~~ ~~ 

aili, fubtrafl: 11' from Lat. A till ifljuly inclufive, and 


29th, add 13' to Long, A till ad Auguft inclufive,* and 
' Julyhdf — 

4t}ti idd 21' to Lat. A. till tg Auguft inclufive, and 
24th, add a' to Long. T.K. till 28th July Inclufive, and 
aSth, 







le Sw 


Caplahi JOHN Alexander panton, 


B. The il'iip having an iriifi tiller, and 

ere not coniillent or meriting conn 
L j. lacc in the fnip. 


5 and iniicli iron about the after part, it was foundj the obfervations taken in the cabbiu 
ihdeacc. From Anjengo they were all taken on the binnaciej which feemed to be the only 


hiagn erica! 

Variation South Dip 

F ace 1 

A/., ' Amp. , MD. C.D. 

E. I W 


:4 Afliore at TAvfr/fWff/t' on Ccyloan. S.32 81-30 ; W 3.6 3,6 3.6 4.5 

J r Ar anclior 10 fMh. fana and I 76.54: 1 - 1 =* 3-4 3-4 3-4 4 3 ^017^633)'. 

■' j L ihelis^ Afijingo Koads J i 

,q' 9.5811 75. 4|: 1-6 1-6 1.6 3.5 Pretty ftca 3 )% 

,j. 9.54 7424: t- s'-' 0.53* 2.1 2.1 2.1 3, Ditto. 

1 r r 9-S? 73-33 ^--S" ■^■7 ^-7 1-7 2.6 Not very ftcady, 

i Lacaaive llr J r ^ ^ ^ -n n. i 

a'OlFSf/W/w. J I 9' 39 7^-3° ^*5 *'3 ‘-3 2.4 Pretty fteacly, 

J 9.3S 71.18 ; 2.7 2-7 2-7 3.6 Litto. 

y I 949 70'26 : ^.30^ 3.3 3.2 3.3 4.1 Ditto, 

5 i 9-33 69.?! i 2 T2* t.54-' 3. 3, 3. 3.7 Ditto. 

6 ' i 9-53 67-35 .' 3 - 3 - 3 - 3 7 pot very ftegdy. 


14 Afliore at 


Ji A I 8.41 1 76.54 : 

~'l I Ihelis^ Arijingo R.od.d^ J ! i! 

QO j 9 '-S^ ji 75* 4 j! 


I ne.43 li 


*1 ^1*47 I 63.22 1; 


>4^4 ^‘4 V4 ^4 2.3 Dittos 

4 }ND. ND. ND jKot fteadyj but taken 

}; 4.23'’'' j 0.4 0,4 04 0,3 J when moft at refl., 

i; i ND. 


ti ' . : e. I ?* 

|| 12.45 jj “-34 

'I I i ff. o*' ^ 

/ 57’^'^ ! f ‘ 6 

h , J! /* 

'h '*1 

11^3.29 ss-^a 4yj 7 


q. q. 2 


.1 Very -unilcady, 


6. 6'*'! 3-1 Pretty fteady. 

> 3 5* 3- 4-1 nitto.. 

/\JT ‘1 


! ' * 

J2 iOff Sm^frar. 


J4|,rn fight of C 




■1 ij 49.37 I' 9.35-' 9.32* 7.2 I 8.6! 8, 7.1 Qiiitc Reac 


15 p'itto, 

..'i' r .'h? '> k<* 


I; ^3-37 } 48 . 33,11 


4‘A' 4vlo1 7-5pi«o. 


No\m 6 jfii light of Ctoajl of AraAa 


I'AlCape Aden hr fighu 


20 At anchor at Mocki, 

21 Ditto, 

Aihorc at the Com^e^n/s 
az In fight of GAel %ehr\ 

23 In fight of Gchl far, 
5^4 Ditto? 


Off judeh, 

S^l 

Dec? I j In fight of Onj] of JigJJkia, 


ii\ At anclior on Cdaft of Araihu 
7! OIF Qaji of JraNa, 


Magnctical 

Variatioa | North Dip 


Lat. Long, 


13.22 ,44*10 !J^.3S 
13.22 44.10 
X3.20 44,11 
43*35 

1340^’ 

13^29 43*^^ ^4,4 
/ ^ 14. 

1 6, 2 4^*49 


■{6.24 4 ?-.S 2 hi’ a } ' 4 -''! 

n- ,5 41 ' 34 ' ^ 344 *'' 


19.36 40 30 ij... -7 


?-'“43 39 - 3 ! 

at .56 37,57 

a2.44 38,24 
22.46 38. n 


24.16 j| 38.29 Ij I 

24.17 II 38.21 Ij iTSf.- »5 



Face 

MD. 

ChD« 



r 

E. 

w. 



1 

0 J 

0 

0 

0 

0 

! 

9 ‘ 39 "‘ 

*jp\ 3 S 

6 . 5 ; 

7.2 

6.6 

54 Pretty ftcatlvr |i 


6,2 

7.2 

6.6 

5 7 

Ditto. 

"^1148 

y ,2 

8.2 

7.6 

6.7 

Ditto. ij 

|l 

l 1.22"^ 

8.6 

5.6 

9-2 

8.3 

Ditlo^ j| 

l-U ?A 

8-4 

9‘4 

9 * 

8a 

Not ftcady, mucU wiiuh | 


9,2 

9.6 

9'4 

S -5 

i 

11, 

124 

X 24 

124 

u.s 

Pretty Heady, | 


14,2 

14.2 

14,2 

L ?3 

Very ficudy. | 

JS-SS'""' 

15.6 

15,6 

h,?d 3 

14.7 

Diitiu 1 

1 


i6h> 

16.6 

1 6.6 

PS -7 

Diuu« 

13.50* 

)0.]f 

tip* I 

49 “! 

jS.v, 

Datu, 

J 3 - 38 * 

208 6 

2 1 0 

j?/r .4 

20. 

PiTOy ficedv, i 

,13.19* 

N'2-4?, 

2 <{.2 I 

24-6 

j 


r, /n 

DillU, 

f 

3 

zAa 

26,7 

kU'A 

2b. 

1 ^ j 

[Ditto. i 

r^ 49 ^ 

2 (jJi 

29.6 

to 6 

28,1 
/ ' 

i I Vtrv Viiiij.n;-', nv.ldiji 
M, wlitJ I'.n,! iAchino. i: 



ubau 

i 

3 ^^- i 


1 ^ |l 

iVcry uiuU'.uly, ■ j' 


3i,6 

33.6 

p.(i 

3 * 

Not V'.'rv bcttcly. 


3 «- 

V’ 

32. 

33.3 

Pretty ftciuly. ! 

.... 

.SZj 4 

132*4 

32.4 

3 1 .6 

Not very ftas'K''. .1 


| 34’6 

Ln>6 

i'j't 

Vh 

Pr«;i:v j 

» 5 ' 0* 

1 


1 

i 

i 

j ' 

5 
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j!i,(f.I Mtxi/ura' in p^entraL By John Andrew I>c l^nc, 

f. R. S. 


P A K 1' T U E I*' I R S 'r. 

Conavninp iJic mea/ufr of Hh' cxpmijion ofjb/kis ity heai. 


It eat! Mu'ch 


iMii! „^niil i|| 1 1 yH 


:-;"M 


Y invi. 1 ii; 4 utii)n$ of tht:; Tticafiirc 
Inivc Ijccii owinjk* to acikiciit. A 
new 1 ly*,<,rorn«-ter k;t| me to them: I liave already men- 
ticauHl t1»t> inilrnmcnt in the itapcr wiiith Uic Royal S<»- 
ciciy has done me the iiomnsr to inkn't in the lait volume 
of t.hc Phiiolophicai Tranfatitioasi. 

I had. 


'Bffmjitr in Pyram*trie d f tt fur hi Mx/urn Piy- 

fptd t'fi ■ i\ir JV A« Dc Lite, Mem'l>n di ia Suchti 

Rayak^ ^ ^ ^ 

{» R R M I fi R K 1* A It T I E. , ^ . 

ih k mdfm’i /iiVrfri far k dnlrnfm , 

M ES rtfc'hcrctici fur cettc mtimt 0*it iti accMenwllfii 

c|iit m eft fiiccftfipti* Jt foifiik i^Jii tiititbtt-rff ert 
4$m ic fii4ti»irc fiuf lt'S*ickt4 E^fute i»i% fiti 
Tfilifiii,, f liiS* Jc fftnitcc slcrftiiif# , ,. ,, . „ 



Mr. ViT. I, VC m 


4flO 

I iKid (’.'UTicd it with jnc to the top of the Hartz, with 
;in jnttiition to repeat there the obiervation upon the dry- 
iTcf* of mountainous air, whidt I h:ui nuwic in the Alps; 
but it fell out, as it often <loes on nuniuiains, that what 
I did ohierve was the extreme iuunidity. 

I with not enter ui>on the cottilrudiou of tins in- 
ftrument, whkli I have not yet bceii aide to take up 
again,: to bring, ir to the cxaif-tncfs of which it is capable : 
all that is neccirary to mention liere is, that ir is ma<!c ol' 
ivory, as the firft w'as, but in a glafs frame ; ;in«l that 
the effeds.of the humor upon- ivory being' inainftderable, 
1 wanted, in order to meafure them corre<5lly, to dcllroy 
the effed of heat ujiKJn the frame, which I have doii'C (as 

pe'ndtjinm) by ■ the expanhon of a 
rod of brafs in a contrary diredion. But to tlo this 
it became iieceffaty to determine the propo'rtion between 

the 

■' I’ftwis pit# ftjr la, pin* liwte fowini# thi I-fa'rtii, tiam, J*l»scnricn A*y fljrfiei* 
rofefcyvhSbn de !« f&licrcfla dc fair de» m«ntag»»c6, i|He j'av«i* Uiic tia«i !c».' 
Alpcsi mail H arrivi, ce (|a« arrive aufli uc» Idtivrijt lur Ic» inotaagniei, <j«o 
,« I'm l*h«.Hil4t#'e*trfe'tiBe «|tte .|y obfttrvai. 

Je n’entrcraif|i<faAate'«W6ili'4e l»«onftr«£t»©i»4e «t inftntmcint, queje ubi 
pa rcprcHtife encore 'po^d’ii»iier 'aupoiiBl d'cxahiwcloilont Uc'ft ftifceptiWc; 
il /fti'fSra dc dire ki, qo’ll eft 'd’jfvotre ■ conime I'e'prdmki' qae j'«voi» imagine, 
q»ic M mmnare eft tic verre^^^et quo lei effijti , de Virmm fur Ty voire eww pea 
confid^rAei, j’ai voalo, poar-tei meforer- .correfitemenr, ttetruire J’clfei ,4e l« 
clntlrnr fm I# Jam k« peadtilri eoiripuii!^ 

' ■ ' ' . ■ ' '' ' rapporta 


jyrofnetfj and Areomeiry^ See. 
the dilatations of lirais and glafs by heat, and that was the 
ot:c:ali«:>n which led me to PyR)mctry. One cannot :id- 
e'asicc a lh.*p towards the improvement of any of the 
feiuiu cs, without contributing at the fame time U> bring- 
the others to the fame level. 

Being thus obligeil to know with fome degree of accu- 
racy the relations of dilatations between brafs and g1afs,l 
began by eonlidering the methods which had been made 
ufe of to ehimate liiein, and found in them nothing hut 
uncertainty. TIic mountings of the inttruraents were to 
be fufpcdled, and their inllucnce not fufficicntly guarded 
again fh Micrometers appeared to me uncertain; for 
wheels and levers are liable toalmoll unavoidable irregu- 
larities; iimilar degrees of prclfurc in tlic conta£l arc dif- 
ficult to eilimate; and fueh methods of incrcafing fmall 

phyfical 


ir;ij>!KHtK lies dn lOon » t tk verre par la rhalcvu ; u eVrt ert otijn tpii 

isda jctic tlat'v !;t Fynunctfif. On nc {hiitdi (airc avjuucr d’un tk'gre vew la 
perfect joi» quckpcbratsclw dcs ft'kfifcn, fans «]u\-iic tciu!* a portCT ki atiUfs »» 
nifimc niveau. 

Motrouvant done tfan* la ntccITite dc corninitrc avcc*<p«lqac pvtdfsoa ce« 
rapporr* des dilwaliotts da ktem etdu verre, jc rhkclns' tnr ks nioycns qti’ca 
avott cniplnyln: pour lei 4lkrn*i«er» ct je n*y trnuvai Lci.:i»on" 

tureide* machinci jc nc trouvai pat 5|u’on fiit aCe'f « 

da tffeW.dck«r'propiw®411«t»tioaj k« Mkromdtre*. fanout t»#; |«iirarcB!:''|>®tt '- 
«*rda roi«g<f'S'Ctdes'i«fleni fontfojet* »de*'irrefM:l*rlfe»prcf<|a« W«tabU's;de« 
degrdivtobbbk# d« preffjon' niawiei coata&i fkit dilRdki k faifit; « agrsadit' 



phy{u‘:i1 clTot'l:; rentier rlu/nj more apparent, but 

tin not ;vt aU t uuii iiniU: to llo/ir rX'.u".f meul'uratiun. 

I lr.ul bcatti ihe ur.\Ci)iou*i \n‘. i; \ms!U'\' tb.at 

bc' b*ul a nOiUMi oi u PvtoiiH'tva diibnnt *tll, tbat 

hud been iuvenlcdj uuil kunwiiyr^ bii e,u.it Ikil! iu 
pbUofophical and mechaiiieul n\utteix, I appliid to him, 
and' prefied bini ten eKccutc bh idea. '1 be nnibitiidc 
of bis Ollier cngagcnunits prevented his complying 
with my rcfpicft; and he adviled me lo i<»'k no lur- 
ther for the proportions ot tlie cKpunrnur; oj bruts atul 
glufs^than to Mr. sm'F.atok’s 'C xpcrimcuis, winch he 
loolccd upon, with realign, as the bed that liud bem 
ipade'"^. Still, however, npon mv ilebring him bj ex- 

thought of licing able to eor- 

red the faults of the ancient iuilnunents, he w as kind 

(a) Pliit. Tranf. 1754 . 

enough 


tinfdchnef«»cfro* l>t»yf*‘lM«** «'elll*kn !e» wmlre t>ito a|t|wmso, mai* n«illc- 
inent bs mefiiwr exaftitmk. 


J’awis ou'i tiirei* I’ing^nieux Mr. « AMiiiUM, •jn'il .‘vtiii S‘f<iir !>yrombi'C 
,!i)r«'ent ds tous Ic* aiitrcj.; el mnrtniSlant fa gr.ii)«!c itUrUii'riK’e «bn» lei iMiia*,-* 
(t.; phyfitjsieerde.asletiSliii^oc,, j'«ui rccour»a !«),, t( j«J Sc dkxccu«rr ft«i 

jit.'iii. Mm la„mtf,ltk«de dei el^et* qiit, I’occuprfit cttiinn-ita, « il me cok« 
feilla <lt m’en tenir fwur k rapport d<* «3<i«,i»rmt» du looii « dw verre, aux 
ajtpIricBccs de Mr. imratoH, cju’H regardoit avee raU'bn cojhiiic k% plus lures*. 
Je pimt ccpciKlasit Mr. RAaowKN de mkaplitjuir jwr quel moycR il corrjptoii 
dc isMki8uw^dc*^;macbt^ *t M eus la.complaifenca 


Pyromc/rv mid Armnetrys See. 4 ; ^ 

enough to do it, and fokl me, that he projxjiltl meafurinp^ 
the expan fuais of hodicft, by the MicnanclvT of a Mi- 
crofeope; by which means he ihouhl ol)^•i;!!e tlwgip-cateil: 
medniniral diOkultics. lie :u.Uied, jn(!rce\cr, that lie 
had made a firlt trial of lus method a long while ago, 
and was affured of the fnceefs. 

This idea Itrnck me, and being very dcnnms of fol- 
lowing it in my prefent need, I dctermineil, if I could hit 
upon any metliod witliin my comisafs of ability, to im- 
dertakc to execute it rnyfeif. 

1 fonntl many diirieuUics fo Itnig as I only thought 
of ul»lblutc mcafurcs of the cX])anlions tif botlies. I 
was determinctl not to fet to work without the hope 
of making an inttrument that Ihould be really an exadf 
one, and the IMicrometcr always puzzled me. But 
coming happily to relied that I did not want at)folutc 

meafures, 


vk k faii'C. ]l tHf dis iIhjh , ijtt'i! k r*'*’!’''**’’* ‘I'' lf<i (Jujianfions i!cs 

corpn, au jixjycn tiu Mirvonktre d'tnt Microll-HiH'; cr «jui tvltcnsit Ics plus 
graitfks diiEcuItw inct:l(atii<|u«: i! sjciuiamtiine, tju’il avid? fahdepuis long terns 
un preinscr eflfti deoettc ludhorlr, et rju’ii etuit peifosKle tiu lucecs, 

Cette itke itje frapp#} ,ct ttefirant bcaufoup tlkii fake ufsge tiaus moa twfom 
pr^fciit, Je, me tktcmi'mai 'i cntrrprentlre rk Ikxecutcr moi-nitmc, fi je.poufois 
ifflagincr quckpio nuiyen t^ut fit a nia i>ort«c, ■ ' 

Jc trouvai IrcaHCoup 4c ilifficuitf* & ccttc entreprife, tant tjue jc ne fongeai 
qu’i dcs meftires.abfolues dci expaafians dcf'Osrps. „ Jc se votticsf.pai* metae la 
main a f oeuvre, fans avoir ikfp'rancc 4c faire urse mackine waimentexaftep.s* 
te MkroBBctfc mkatbarairoli Wiyours, Mail venaot heureuftment i conifer, 

. ■ " . ' ^ ■' quft 
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tliut it was cntni(.^h iVu* me to ftiu! tlie 
porfians «!r (isiatiiiility between two dHIcrcnt htnlio, | 
was led by tliut idea to a very flniplc nsetbod, wliieb 
made all iht- dUncuUics vuiiilb, uud gave me the rooli- 
dcncc I wanted to let me to uork. Afterwards, indeed, 
I went much farther than I expeded in the alrUdnte inea- 
fares themfelves, as I flrall iht-w, after having Ihit ex- 
plained how rpropofed to afecrtiiin the relative expan- 
fions,nmd the great advantage of tltat metliod in prac- 
tice. 

Principle on wbkb is founded the comparmhe mcafure of 
the expunjions of hodh-s i/y brnt* 

\.:vj two rods tjf the lame fort 

of fubftance, or of two different fnbttances equally 

dilatable 


qucjen’woii paslwfoin de inr!t,«* alMaUtct, tt <|U*il me fufTtfoiule irotwrr avee 


certitad« !«*■ rapyiort* dc deoit orpi dtjfdim'ii#, Je te eomtwit par 

4 unc tdde fort fiitipl®, oti lOMtr-. k» ilifliculic* VlvauouiVeni; cc t|«i me 


donna ia coHfiaiiica demt j'Bvojs.bcfcin fwor owtirc ta main ,( 


(... 1 ^: 
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b}- heat, anti liiyin!,;- them one over the other, to 
rivet them toi^ethcr at one ot' their etuis. Jf then ilicy 
arctblidiy hii|)cii{led by the opjwJitc cik! of one of tlie 
rods only, and on the free rod there be nuiikcd ajioint, 
at the level of the jHiintof ful'iK'nlion of tl»e otlier; thefc 
■two iKjints will remain equally iinnK>veabk', wliatevcr 
be the heat which affefls the two rods, fo lony^ as it 
afte<5ls them e<iiially: for the expan fion downwards iit 
tlic hxe<l nxl will be comiicnfated by the ex|)anfiaii up- 
wartls in tiiat which is free; and conrefpiently, the 
point muikc<l ii|K)n tins will always renvain etpially higl% 
that is, corrcfpondiitg in the fame manner with the 
jxaint of ftdpeiifum of the other; fo the proixntion of 
expanfions bf the two rods will he tliat of equality, fmee 
the diftanccs from the ix>int of tin ion of the rods to 
the two Immoveable points wllLhcbcinal; ^and that, con- 

fequcntJy, 

lisj cn&mbie pnr mx ik kur« Kiuls! <» on Ic» fnfiinetMl {Ulklet««nt par It Ijowt 
«j>poic. de Tone to bumclwi tjn’on nitr^ue en point fur la bran^ltc 

libm vi* i via dw'j^nl'de faff f 'de .'fiW'rti ’’ice* 'tos poinH ritftipfrm; 
■te»IcmcB«,itsi»BoWlsf«»* queibitta- affr^e Its deux hrwcile*,^ 
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tlic fume Icii.i;th of the t%vo ful)ftanccs will he 
rcquifite to prodiK e the flimc lcn_t;l heifmgtif them by heat. 

But if the free rod jhould liuve more or lelk expanftbi- 
lity than the lixed rod, the immovcuhle point of the for- 
merwiii not be any longer at the fame height a.s the point 
of fufpenfton of the latter ; it will l>c lower, i f its ex pan fihi- 
lity be greater, becaufe a Icfs length of* this rod will he re- 
quired to makc upf ff tbewhijlc lengthenhtgof thcothcr. 
It will be. higher, on the contrary, if its expanlibility be 
leis; and the diftames, from the |Mdjit immovealde by 
'fufpenhon, and the point immoveable compenfation, 
to the point of union, will be always in the iiiverfc 
ratio of the expanfibility of the two ful>llances. 


If‘thea'-?we eaa;;&id'' •this immoveable |x)im by com- 
' " the point of union, that 

li have the 
relation 
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relation of the exininlibilitics of the two iul>flasic;cs. 
Now nothing is caller than to do this hy means of a Mi- 
cTofcopc, furnifiiecl with a fingle iminovcahlc wire; for 
the wire being fitted to a point of the free rod, and the 
two nsds f)cing e(|iially warmed, if this point moves, it is 
a tign that it is not tlnit which is fouglif for, which wdli 
then foon he fonnd by iwinting the Microfeope higher 
or lower on the free rod, according to what fiiall have 
been indicated by the firft trials. 

Tims then will the x'elation of the expanfibilidcs of 
two fublhinccs be procured without the neceflity of hav- 
ing rccoiirfe to any Micrometer; confeqiiently, without the 
rifks of the errors thofe inftruments are fubjetSl to, when, 
they are ufed in very nice mcafiires. All that will be 
neceffary for the exa^fnefs of the obfervations will only 

be, 


expinfiWtit^i <!cs donx maiicrcs. Or B eft tre* ailc dc k trouver par Ic moyen d’un 
Microfeojje ihuh'i d\t» kul <tl immobile, Car en ajuflani cc fd iur m point dc la 
brinche et ^chauftant (fgakmcot ks deux liranchei, it ce point ic m««t| 
ec ne fera |»» cclui qu’on chercliK j luab ott k trouvera bientSt par tatonnwient, 
€», jsointant le Mierpfeope pbi !»a«t oo pl«» bai fwr !% branch* libre, fBivantqpi 
ie# premiers tentative* Paurout indiqui. ' ' . , 

On aura d.>nc aiiifi Its rapports d«« exptnfibilitiSa de denx 
befoin de, 'Micrometre, ,ct 'par conSfifjaent fans lire expofe |ij*|t,,'errcuM' 
qall' ','pourrolt Ihtrodaire, ' Auat d«i .mcftirc* aulB dllicatci; ei ,)wpt ce qai;. 
•ft niosfttire jwtk conftfb 
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tw, tol>c aifiirctl, tlr.it, whiHi the (ViblVancer. compared are 
warming, a Microlcope and a, poiot tii‘ rulpcniion will be 
fecuredfrom being ditliirbed by any motion; rvhich }s 
not very diillcult. 


l^fcriptkn' of 'mihiPrimunfi inh'mkd ibc com*- 

piiraik'o expifHj’didiiii'S of lmlh*s l>y luxii. 


1 (lalter iTiylell’, that: a dcfcriptitni util mabu tills in- 
tlrumojU: riifUeientiy iindcrhoud m reiukT it innu.'tcll'n'y 
for me to give a fignve of it; IhouUi tiie Stuicty, Imu - 
ever, bedersrousof liuvin;,.:; a drawing of it, i ihall with 
plcaitirc obey tlicir commainie . 

reel any, iil.tr piece of 
deal-botir^B^^ffSait-grincd ,,t\vo fci’t atKl :t I'lalf long, 
bftcen inche.s broad, and one inch anil a buir thick : it is 
to tfiis tliar all the otiicr parts ate hs,ed. I'lte hrii thing 


«t utt poiRt ibyuljiciiflofl fsrdiit ■ffiS'i S r«l»)i <W touf inttnvct«ient', cjifoti 
whnanifcr* les Hiaticrcs eoropar4e:*i ffr n’cil pas IjicndirtVjlc. 


itfimi, H (ravvir ki tJipamJtM'lit fmpMrm'mt' Set toep* 

'Xiir yy :■ •it. eMtHf, , 
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I did waSj to moiiiit it in the manner of a table, with finir 
deal legs, each a foot long, and an inch and a half Iqnare, 
very Iblidly llttctl near its four angles, and kept together 
at the other ends l)y four crofs pieces, likewife very folid. 
I (hall always confidcr this fraall table as hung to a hand, 
cnpahic of being trunfported to whatever part there is 
moft light in; the board i>eing in a vertical fitiuition in the 
direftion of its grain, an<l bearing its legs forward in fuch 
a manner as that tlic crofs pieces which join them may 
form a frunie, likewife plucctl verlicully facing the oh- 
ferver. 

This frame fufburis the Micndcopc, wlfich is firndy 
fixed in another frame that moves in the former hy 
moans of grooves; hut with fucli a degree of tiglitncfs us 
to render it ncccffiry to ufe fmall iln^kes of a hamiuer in 
order to make* it llUlc. The prelfurc of ft)ur Icrews 

will 


<jt}e font a«ar'hi;eit toutet le« atifres fmrtio. Jc TiCt montO.* comme une 

petitfi qsaire dc fajiin d’un piPi! jfo iftng ft <j’«| inaiec t'n 

qoan-f, pofecu' bien 'tbUdetnciftit prts dte I'cs «^«3tre Angle?, er rcunJes a fawtre rxtro 
mitt .pat tpjatrC trawrfe ati® trt* folides. ' Je r«ppa(crai tofljeurs cette pewtc ' 
table rufpenduo-l' W'fijpfwrt 'pr^ S' '(Xtt tranfportc'!^- «» fan ’.ntra k* pltis tils ■ 
kmttre, fe'. jiliaHcl'w, ^mX 4a«s tme titmtiem vcrUcalc dims b ditcfifen'ic fos 
ffojii*, «t pwrtnt M qtjaire' jafobe# en''arvafit, dc manifere'ijiae' Its’" qui.' 

ksT^ajrilfcnt foiiWJt.W'iC^drt', 

C*elt 'I «■ cadfc' fdtdemrtrt' '^■S''un chaflti-" 
''mantc, ,ct tfcfccffii' s'l 'roolifle, ct avec 'nfTess' tfe' jafteffe, 'poar f|w’il faille? 
Employer dc pciiis coups dc aiaitcftu pour tc hire mouvult; la prciHeiii dj? 

_ 1 ' ■ ' ' ‘Pali'C 
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will n,ivc it tlic <1q»Tce,' of friit'iioM one thitilir. proper. I 
prerciml this uioflt' to that <'4‘ njuvint;' tltc Mjcrofecipc 
by II ilrew, hecaiiic this i.iil would haw napiircd nietal, 
which is lutuv fufi c'ptihlc oi the impi'clhoiis nl’ hca! than 
deal is; aiui hccaufc the execution of it: would have Ijccn 
lancer* and more exneulive, frtnn the degree (d’ perfet;- 
tionlt watuld have rc<|uiretl, w hilll; this hmplc method 
has fua;ec<Icti pcrfecily tv'cll. 

The inner Ihaling frame* which h Ukewiieof deal, keeps 
the tidjc of the Mieroilope in an horizontal |a>fition, 
and in great part without the frarae, inltniuich that the 
end which carries the lens is !mt little within the fpace 
Iretwecn the frame and the lioard. 'fliis Microfcopc 

manner as that the ohjetSt 
, ohferv'ea.’ mky he, ' aa ■ inch diftant from the lens, and 

it 


:(|a»tre,:,f,l*clal4«w»« 1« 'i® fwument ija® I’sti' ¥««. J»»» prHh'6 « 

moyen, a «el,ul de ■ owduifc, , le Micwatijte p,ir «nr vix; jtattT qiic n tlrruwr 
*uroi« fStigS du tmtdf plu* fMfcejiiible dot ui»}»reirH»ii» tic la Owknr ijwc It fa.-imj 
ct que i'«*lcwtion wroiiitff plu# tongue «t ,ptoi dlijwmiictilc, }*ar biittWUon 
qu’ctic cat.exjg^ s tayadii ,qa« ©itto toye fimplc * parfaucnicnt' rcMlfi, 

Lc cliaffii, tuwt to lube du Mwrolcop'' horiwa- 

totement, ct ea gitnde puato ' m duhori du cjulre j tcltejwcnt que to (x >ut qoi |xjrt« 
to' habile n’cft tjuc fort pea en dWaiu tto ttoffjace comprb ewre le cidrt ct to 
jilaadift, , Cc Microfeope eft coaftinit de aamai'cre, ^ue 'I’objei &hSmi peutAre 
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It has a wire which is fituated in the focus of the gMTm 
in wliich the oI>jCi6ls appear reverfed. 

Ar I he tnp of the apparatus there is a piece of deal, 
an inch and a half thick, and two inches broad, lain in 
an horizontal direAioii from the hoard to the top of the 
frame. It is this piece to which the rods of the different 
fubttances, whofe expanfion by heat one wants to mca- 
fure, are fufpended: one end of it Hides into a focket, 
which is car in the thicknefs of the board; and the 
other eml, which refts upon tlio frame, meets there 
with a ferew whicli makes the piece move l>:ickwards 
and jforwat'ds, to l)ring the objects to the focus of the: 
Microfeope. There is a cork very ftrongiy driven through 
a hole bored vertically through this piece; and it is in 
another hole, likewifc vertical, made through the cork, 

that. 


i'an poucc tie diftitnccik la kntiUc; «t il imte «iii Itl Jiu dcs vej'fc#, ou ks ■ 
«bjei« fc pclgncia renverfe*. 

Aa baur dit fajpiptreit «ft, Vw pike de .fapin, ua jwuce ct dwmi d’^paiffeur et ■ ■ 
de.daiSji: pycei (te' krg««r, part homdatalenjcnt dc ,1» plisdie « victu: fe, 
rapofer furte hmt du <adrc, ,, i cetta piece qua font fuij'wndues veriiclfe* - 
ment'k* bra.a€bcs'dcs diverfet msuiercs done on vc«t incfurcr Ikxpanfion pttda v 
chakurt ellegliffe parwn l>out, cm tenon, duns ma niortaifc'perck danfi’^if*" 
fiwrde ta plancWf «t I'autre .bout, «jui 'reisofe fur la'cadre, 

Vm qui fait inousfo5r,l«.pl4c« cn arrikC'OU en »v»n|:,:pp«t.»ine^:te au,,; 

%er du Microfeope. tJn ^bouebon d*lit'gc piuSe''tva;;fow 'an trou per^'y 
.■mdq^emeat d'a»t eette pike; «t «’«ft'par ue trou, 'auffi vertical, qui 
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tiraf t:lie rcKl*; arc fixed at the that they hang only, 

and their tHlalathm is not cojuucr.uhcd hy any prcirure. 

Ill order to convince niylell' of du; Jiilitlitv of this ia- 
itriiintist, I udjulkal the wire oi the Microitopc apoa a, 
IKiiot of a rod thus fuipeiidcd, ainl left it in that hate for 
Icvcral hours, during which I not only moved but tiruck 
the machine, without perceiving any change; in tiic rela- 
tive pofition between the point and the wire, which per- 
fetSlly anfwcred my end. 

The next thing 'to' be done was to heat my rods: for 
this pur|»fe I procured a c5hndrical bottle oi’ thin giafs, 
about twciity-onc inches high, and four inches in dia- 
which I placed in the infide of my machine, 
imVtedependcnt of the red of the apparatus. 
The 'rods'are ful|>eiided in thisbotllchvt a little leis than an 

iticli 


« tiii'ge, que !c# kanciiM ftnif lOrnuei p.tr'lOir 1>0Mt fuj^rkur s elks ktu 
■'timpl«fnknrftfi|ktkl;»f% ttpur fonktjwrtt ktu' Altlatmioii w-lrwafuinc « jaucBn 
cffiirt. , . 

Pour wW«ifer'4e 1« folid'ni «l« wttc m.'nlitjte, k. (it tlu Mtcrokepfur 

iiH noini<]r«ne tranche «tjc k lailUt *!.«»(» vri stai jwtnUntif'pla* 

-Jkiirs ct hewrtani iik'tnc I« marhkef 'tent iippcrceWtr 

poim W; repumdok |arl»uc* 

ment ,'i iiu‘«i b«t, ' ■ 

il alors d'cchaaflrcr wic* . |e 15* 'faire pour eels unc bw- 

*ic verre mi«ce» *k tl« ha«t n 4« 4 . }««*:*»„ de dit* 

cuctie, tUuti’imcrktti'ite m% mucWiie 'fwr Bnliipf»«'iii*Sttp»iid#frt 

*>•’' I'sit k biMtellfe i't»« peu 

7 ‘ ■ ■ : ■ ■■ ' ■■ ■ •'inoiiw 
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ii 5 ch diftaiux* (1x11:11 one of the iicics, in order to Ivave 
them near the Mirrolcopc. I |wn.irctl into tlii^ liottk* v* ati. r 
of (iilicrcnt degrees of heatj wlueb I llirred ahont vriih 
alitt ie pieoe of wood, faitened liorizontally at t he end ofu 
ftiek, which I moved upwards and downwards at one 
of the fides of the bottle; in this water i hunp; a thei- 
mometcr, the ball of which readied to the middle of the 
height of the rods. 

The water during thefe operations rifes to the cork, 
%?bidi tlius determines the lengtii of the heated part: 
the bottle is covered, to prevent the water from cool- 
ing too rapi<lly at the lurfacc; and a thin cafe of brals 
prevents the tlcixifit of the vajKjr upon the piece of deal 
to which the rods are fixed. 


This 


aujins d’une fioucc tic diftance dc I’OH <!c» iwrcc tju’i! f;iul qu’dlcs lUycwt ;1 
Micr«froj>c. Jc verfe dc I'cau a divcfics tcmpt'cHures dans cette b«»u~ 
tcilk, « peR<S»nt' lei enp^dencci, j’agitc cette cwi par k nioyen tl’ime jxtite 
pltftchcwC' tenue bofiwjntalcincttt au bout d'utt. baton, , que je bis tiiowvoir tie 
haul cn has et de, faas en haul a fun dei cotes dc !a boutctllc. Jc i'uipcnds clani 
cette eau, «i» Thermom^tre dont It book aitciat le udlicu dc k hauteur d« 
branches, ■ . ' 

L’eau, pcndtnt Ic» oplrttbn#, #*^leve j«%u*au Hcge, qui, determiae aiufi la 
longueur dc la ptrtie totuffie. ^ Lt bouteilk a an cow«d«!%, pour empcchcr le 
.■rlfiroMiibnient trop ' riptdc de Peta Jkftjrfeceij et anltui de kton mkee 
'enopWie {a faptarde fe dlpofer jCor Itfifeec de fapkou Ic* branches font 

■ F f f , ^ ^ ■'tfMa. 
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'4'3‘4' 

'riuH 5 :' a iktl^ h i>r nvy machine, tlic \\1u)leof 
ctxiiitb iii tlu* kresnsu', thv Mit,'ro!u!|H’ ;tU(! tiac point oi:’ 
rulpcnjinn oi' the rods {rt'O iront luotiun durina, the 
ohlcrvatioit, am! ii^ he. '.tiny; ilu.' rod-- with w. •■(*(■!'. ! will 

now give an acumitt ot' the espei iim;ni'i I nvado 

with it, ,* 

^pfv'iaUhn of ilu: mrifod of Jlndhp^ ibr proi^orfm!.^ hriTrvrn 
iik’ i'xfkn'/ibibiirs of diJjri'cHi niitih rs bv 
mimtlion of tbs rektive rxpanjlblliiirs of brn/s twd 

The firft cxperinicnt I made with this marhine wui 
■that Hvhieh.'. I wanted for my llyyp'ontcter. ! totsk a 
'.dais tube, ibnihir to thole which arc made ufc of {'or 

O ^ 

(/iimmiin 

Viiilu rii«|ii;l!r tfd {iKuIttinh h«u invn r.htiitCillci k iriulrc: It Mii'rolt»!pr' rt Ic 
point tic Tulpc«fi«ri ln"drr,"ht'^i h tir priiiliiiie !V4dl? 

ct r ^dtaiHTcr Iri teifichtsi |mr If iihdytri tir iViuh Jf irdiiiiduma 
rcniijiiedtts cijeTOntci i|uc jVffdhcii psuMnni int^vriu 

/lif h wikh0^di immirr Ui rapj^-pra J/ji ik 

Jhrh*m fitr ti ' /4ri A kim d i/tf 

p»rn% ' ' ■ 

hi^^rnumvexfinkm^ f|W jeiii afcc ewe fiit ' cclli^dmirfiiw^^ 

iiiiiii I f y J<j pri» 'mw liramthii dc jicrrfej Irii a 

'' ■; y , lllbei 
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common lliromctcrs; that which I tiled for tlic frame of 
my i lyivromctcr, and on wltich I made the cxpcrinicnt, 
had an external diameter of about llircc-eightiis, and an 
interna! of aI>ont onc-ci.4>;hth of an inch : the rod was from 
twcnty-onetotwcuty-tw'o inches long, hut it paifed tinder 
thccork only eighteen Englilh inches, ret kouing from the 
point to which was fixed at its bottom tlte lamella of brafs 
the dilatation of which I wanted to compare with that of 
thcglais. The lamella was a}>}>licd from this pointlength- 
ways and upwards along the tube: it had been made thin 
hy rollers, to render it the ntorc clullic; and as it was tt»o 
thin to fupiKUt itlelf tipiight, 1 kept it Ih'ctched in 
that diredlion by means of a thread, wddeh, going over 
a pulley, Ijorc at its other cikI a weight fit to give it 
the fame degree of ten lion which it has in ray llygromc- 
ter. ; 

Uix)n 

tubes doni jc fuk wfage pour la iHonturc ik me* Hygrom^tres, ct que Je foutuis u 
Texp^rknee, ,o«t environ | <fe pouce tie dism^ti'e cxtiSrlcur,. ctd'f i I’intcrkur. 
Le tube. que fetnploiai avok ai 4 as. poacea tie long, raaut il n’cxc^doit ie liege 
que dc poucci Angtois, 4 cowpicr tiu point ou ctoit fi.x^c<lan* Ic bas la lamede 
htoft (lent Je voulois comparer la dilatation avee ccllc du verre, Dc ce {joint, la 
lamede Ifton s’clevoli Ic long du tulw. Ellc.ltoit fake aw laminoiir pour larendrc 
' plui-llaftiquei ecedmme die fe trouvoit trop raiitce pour fe feutenir de bout par 
elle-mime, je lateaoii tendiHc damcett«=dire<Stiioti par ,en 61, .qui, paflant fur 
«ne, poulie, poitoii i fon autre bout unpoidf prdpre & ,iui donner le mcurc Jegr^ dc, 
:itS!at'ida qw'olle cprouvc daus' tnon ..Hygrometro, 


J’jivoi* 
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Upon this I.\mc11u i hiu! n\arkc«1 a ll :dc wliuh 1 h> 
*i ui at its iHiint of utiioii with the 4'Jai''>, and was divided 
into fmull equal parts at the tpaee aU>n;(^ whii h I thought 
I ntight he ohiiged to move my Mieroit optq in iatlcr to 
look for the point which would neither rile nor fail 
by the variations of the heat. 

Hitherto the difficxdtics had l^ccn huonlitlerablc, or 
ratherl had experienced none at all ; Init it was riot Si) in 
the phyficaliiKiuiry which was my firii ohje«il. Tlte 
nearer we 'ftirvey" nature, the more we fee of the thO'i- 
culty there is in itnfoldinghcrmyfteries; as in the adairs 
of ordinary life, thofe ever find them the moft diflicidt, 
who underftand them belt The moral and phyfical 
Micrdfeppils:^'*^^ niett eautious in 

their theories. 

Tlic 


J'avois traci tur cent lajiie «(w cflwfic <)«i' pertoii do 'to (wint d« 
aveeie wrre*. dhM* cn pcikei |ia,«'nr» %aki tlun* j’etf «««.!«« Je ' jwnfoii jwu- 

voir £tre oWigI dc, promencr Hto« MttroiVojw pnijr tljcrdwr tt point lixr» 
c'tft it tliw le point qsti; ««'■ luonlcroit ni fte ifetiTiulroit iwr !r» taCwHun, tk Ja 
chaicnr. 

hcH difricuWfk’fpIffttlti Httrt, |«itt confidcrabki jol5juc« la, <^u pluu'a jc n’en 
avois awc'wne, it p» de wlmc la r«i!terc!» phy» 

llqafi 'tjui ctoh mon"pTcoj)«r oS^,,.' Plu» nc«f voyoM d« prti It'Kiwre, 'j»la» 
»s 0 tt» appcrcfvoj!*! Ic» diffiicultfs qa*#lle qppofe I, & 4lvt»»kr, 'Ckll ti:|p, 
•jne dfa»* ai!;tirr» n>t‘mcf de la' de,' H iiY «'|>«rlfe»w qyi l«» trouve p!«i|pl- 
cpifi cw* qui If tt vtjycnt le mku*, ts Mkmfcope, p}jylSi|tte o« HJOfll, «ft 
krn f,ttc poiif 
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The firft phyfjcal (Uflk ulfy 1 met with was not new 
tomes I 1 rati already met with it in two (hflerent ma- 
chines in wltieh I had made nib of metals; in the one, 
to mark tlic variatioits of the heat; in the other, to com- 
peiifatc the cflcbls of it: it was the irregular dilatations 
of metals. 

The hft of thefc machines, which is that on whidi I 
have beftowed the mort care, and wlttc h I have ftudied 
with the greateft attention, correbls the effebls of the 
heat upon a Barometer, and upon an 1 lygrometer of my 
lirlt conllrii'ition, whkli is joinetl to it. A ftrong rod of 
w'eli hartlcned brafs fupiKtits upon an edge, at a con- 
venient clhtancc from the center of motion, a lever, 
which holds the fcalc of the Barometer fufpended, and 
makes it rife or fall by the dilatation or condenfa- 
tion of the brafs rod, as the qiiicklilvcr rifes or falls in 

the 


L# preinisi’C dc* tliOkitUttS pliy'fisjueH qite j'ai reuctmtix-KS nc jn'etoit pas in- 
cownue! jO' ravfiji tlija ^proav^c cu dciix ifiadiiiifs diffewMcs ou /avow cm*, 
ptoy^ des mlta**, daij* fuae j>o«r maniucr Ics v.-ifiatU/tis de la clhiltur, it dans 
l*«wtre pOHf ti\ conjpenfer Ici eftitsi deft I’irregulariteetesdilatHtbnstfcH niiJttBitii 
La dernicfe de ccs machinei, qui eft telle n btpielle j'avois donne !c pla* de 
foin, « qae j*at ^lutiicc avee le plus d'iitteiitimi, corrige les diets it la elakur 
fur aa Baromhre, et fur un Hygrometre «le ma preinicrc conftruSitia qui lo5 eft 
joint, '■ Uae forte tranche .de kHon^'biea durcie a la fftiere, ftjtttknE ftir t»n 
tranchant, a «nc diftance ■ conveoahk da centre d« , wouwnjetMt, «n kvkr qpi-; 
tient fufppniiuc I’cchclie dw Barometre, et qui la fait raonterou dtfeendre, ptirjia 
■dilatailon ou condenfauots dc lahmnchc dc kton, ttjimuc Ic me«u:re:,|i|tMjii ow 

' ' ■. defend 
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he Baronieicr, by the eurrci|>on<Hng variations of beat, 
rbri Hale of the Ihuomctcr, ^\bcn if nioves, draws ov 
ooictis a thread of Jtlk-grafs wbk I» j;ocs over a finall 
mlicy placed upon the fame a>L!s wiiti a much larger 
)ue, to wlddi the fcalc of the Ilygnaucter is hung 
ikesvifo by a fitiiiilar thread, which thus varies, by the 
^>ro|x)ftioii of the aliameters of the pullies, a$ the heat 
ipakes llic <|uickrdvcr in tltc llygrumetcr vary. 

, 'rhis inltrufiicnt, is extremely convenient tor metcoro- 
logical oblervation, and 

tm) corro%ws,fhr 

I is fpedally prccitms to the Airtmnmer,w ho has 
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fcalcs of the two inltriimciit!?, which, ;4oin<!; over ini» 
moveable fcales of the fame lint, Ihcws their dif- 
fcroJU'c of height. When this diriereiicc is no lonj;cr 
c'onforma 1 >lc to the indication of tlie Thciraorneter, it is 
cafily retftified by turning ihiall pegs, on which are 
twirtetl the thread of illk-grafs which Icrvcs for the fui- 
penfion of the fcalcs. 

The irregularity of which I have been ffwaking eon- 
fifts in this, that when the heat, after having vitried, 
returns to the fame point of the quickfdver Thermome- 
ter, the metallic Thermometer does not return to it 
cxa< 5 dy, l>iit varies nearly in the following manner. 
During the llimmer the metallic Thermometer gains con- 
llantly on the other; I mean, that amidif its variations, 
it always preferves a fniall part of the lengthening, 

■ ■ ■ ■ ■ ' ■ ■: 'f which 
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which is at tiiat tin^c its onlinary Ihitc. In winter, on 

tlic contrary, it bccmncs inlcnlihlv a Uttic too fhoit. 

The otlicr metallic 'rhcrmnnidt r 1 have mentioned is 
made of lead. I made it Icvcn i>r eii\ht aiui twenty years 
ago, for an inifrument which is nunc .tgrecahle than 


iiMiil, oii.'accorpt of its irregularity. A rod pf lend, 
txrmmunicating by a thrcjul of rdk-grah, witli a fmall 
pnlley fixed to the fume axis with a grca(» r one, con- 
.duas, by ■ means of another., need.h; through 
whofc axiSfWh^li another axis which 

•carries the neeclie of a imlley '.rhus this in- 

'ftrnment marks the heat ami weight "of ' the air uixm 

f two fitmlle* tiirn- 
cks; licfiiic^t which, 
|x»int» out upon a 
"third circle the corredlion for the: heat, to he made 


concentric circles, by means < 
the' Thermonieter 


tin 
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on tlie Barometer, which at that time I had already de- 
termined. 

The irregularities of this laft metallic Thcrniometcr 
arc of the fame nature, but muchlnorc conddcrable tlian 
tiioic of the other: this had already made me fufpedt, 
that they proceeded from the metal itfelf, thoiigli the 
wood, of which the frame was made, appeared a little 
fufpicious on account of the humidity. 

I met with the fame effedls in my laft experiments, 
when the frame no longer intcrferetl ; and the irregularity 
ihewed itfelf in this manner. Wlienevcr I had obferved 
the point at which my Microfeope pointed xipon the la- 
mella of brafs, which wa« fufpended, with the rod of 
glafs, in water at the temixerature of the air, and 
then put warm water in the room of this ; if 1 cooled the 

•water 

Ik correakm a fdre pout la chkleur far le Baromttre, que j’avoii d6Ja dder- 
mjjnSe akirtii 

Lct irrlgu!afi:^i dc ce detftiet ThcrttiomSw rolwllSque, tjui font tk nit-mi 
n««re q«t «*}k» Tautw, font encore beauceup plus gtttitletj" c« qu« m’atolt 
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water by degreeSj I foinul that the lamella of brafs pre- 
ierved a little (»f it,s lcji,i^fbciung. I (.liil lurt rulpcdt. tlic 
rod of glafs, becaidc the t'lallicity oi‘ tlds luidlancc is 
phyliadly pci'M, ami that this quality feents to me to 
be proper to bring back ImhUcs to the fame llatc, when- 
ever thccatifes, of what nature foever they be, whieh have 
drawn, them from it, ceafe : and I had foon at ter c vi- 
dence of the irregularity not proceeding from the glaik. 

It was eafy for me' to fnul the pro|>aiti{m at' the lengths 
of the brals and the glafs, which,. clninging fuddcnly the 
water, which, had the, fame tcmiwrature as the air, bn* 
warm water,' produced, no difference in'ithe.'.heighth of 
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gradiially diminiflicd the heat of the water, this point 
roic little by little; that is to fay, the lamella of brafs pre- 
fcrvetl a part of its lengthening, whiiit the rod of glaik 
coiirnidcd itfelf to the fame point at %vhich it was at the 
beginning of the cxi)erimcnts. After a number of limi- 
lar trials, which always ciidcd in the lame maimer, I 
went to work another way : when no change had been 
produced in the heighth of the point, by the fiidden 
change of water of the fame temperature as the air 
into warm water, I immediately pur, in the place of 
that warm water, water of the fame temperature as 
the air, and in that cafe the i>oint did not change nei- 
ther. 

It will not be ufclefs to mention here, that I had 
in my bottle a fyphon with a cock, by which I drew 
out the water without motion; and that I |»urcd it 

in 
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in through a long tunnel, by which means every thing 

remained <iuict during the time of the experiment. 

By ccimparing thefe two ohfcrvatitjiis together, it 
BwuKl ieem, that when the igneous iUiiil is uc^ituted for 
feme time, iu fuhftances, the particles of which have not 
that ftrong tendency towards each otlurvhkh coidli- 


*.fefbr5rif. it nmrhircs ftimc chaniH* lit the anaJU'c 
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tlic Icaft claftic of all metals, is ftill more fiibjcdt to it than 
brafs, as I have experienced in my I'hermometer made 
of it. Bolides, this feems to have an abfolute dcpeiidance 
upon that general law, that the lefs elafticity lubftances 
have, the lefs time is necellary to make them take the 
bent one means to give them: lead takes it inftan- 
taneoufly ; glafs never takes it at all. A ball of the crumb 
of bread, which one fo ealily faJOhions in one’s fingers, 
preferves its form when it is thrown with violence 
againft a plain furface; becaufe the fluid which confti- 
tutes its elafticity has not time to efcape. Wood, brafs, 
and fteel, refill:, but in the end give way. This effect is 
probably the fame with that which the humor produces 
ia. the bodies it penetrates, which by degrees likewife 
take the habit of their flatej and this fo much the more 


as 



ie moins llaftique «Je tout Icf y dS encore beaucoup plus fujei que Ic 

comme jc I’ai va dam mom Theriaomctio fait dc ceite niatiurc, D’aiUeuta 
ftk tm |mrpe rnmvf ||b^dt«ma^d; dans ce pMnosnSne qpc moint bs" 

Ultima iMtt ^ ii tm do Mat ptwr loar kim contrtSer te pti» 

l««r dttmi » ' k It {Mad tMni| b ip h ppnd 

iMubalkde.Q^tt^ ftNigoaiP & aiUlswnt aatre te d«lgt% 

tep tfMuad ' m 1» |e«p am fWle»cf "coacte vm« 
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as they are leHi claiHr; this is what made me dmfe to 
make my Mygr«)vneti.'r of ivory, a:- 1 luo’c already laid in 
my I'tapcroti that ful\jevl. 

if this amjcvturc upon the cllccls tsf hvat in hotlits 
which have little chdheity l»e grountled, a. i think it is, 
docks would gain ibme more regularity, if in the eontpo- 
fttioh of their |>endu!um, ghifs were uied inik ud oi Heel, 
and bell-metal inikatl of l>rafs; for tlulc two fubltanecs 
being the moft elaftic we are acquainted with, l»y uniting 
them we Ihould be omch- iitrcr of prefervittg the lame 
length of the 'pendulum in 'thevariatiotiiuf the heat. 

There would be another fniall advahtage in nwkijig 


th&ic fubftanees, which is, that 
' filMf ■ 'to! fibte;'';bkpanftbiltt y 


hell 6r biirrour 
as bra is, as Mr* 


and Klafs 
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having lefs than lied, the grid-iron would be lliortcr or 
more limple. 

The proportion of the dilatations of brafs and lleelj, 
being only as five to three, it is imi^ollible to compenfatc 
the dilatation of the llccl by a finglc rod of brafs; for as 
there miift be a fccoml rotl of llccl to go downwards 
again, there will be two lengths of Heel for one of brafs, 
for which a proportion in the dilatation of lix to three, 
or two to one, would not even Iviflicc. One is therefoi'e 
obliged to have a fecond rod of brafs, which goes bp- 
wards, by which means the gritl-iron comes to be c(HTa- 
pofed of nine rods, the two afceniling pairs of which are 
brafs. Tluus then the lens, which is always very heavy^ 
is born by. the top of one of the pairs of the rods, which, 
through the medium of a pair of roils ol Heel, are them- 
jfelves fupported on the top of the other pair of the rods 

of 

fader, on aoro'ir «»c grilte inoio* longue ou plui fimplc. 

Le rapport de» dilauibni du lewn et d« I’acler dantfeulementde 4 ii 3, it 
eft impoflibte 4® laaffRji^fBrls^dltotjon de fader par «n feul retour «Ju Idtoiub 
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rhcrc niiUi he luiuc flt'xion in thefe rods 
the ojVill.itions t>r the pcntliihimjj in 
KC(|\iircs intall icntrltui^al force iVtmi 
vihratioii to the oilier, nnd thus weighs 
the rolls. Befuks, this tsecelhty of titrn- 
toeafes the total length of the roils, ami 
i the caufes of irregularit y - On the con- 
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This diminution of the total length of the rods, and that 
of the flexion, rauft contribute to incrcafe the 'regularity 
of the pemiiilum, independently of the greater regu- 
larity of the eitpanfion of the fubftaiices themfelves. 

As I have begun this digreffion upon an objetSf fo 
effential to clock-making, 1 Ihall obfen e farther, that the 
expeiitoents l am fpeaking of arc applicable to it in ano- 
ther -refpca, .which .feems\. to :ni©:hf foipes ,i,mportance. 
Subftancesof the, fame. denomination are. noJ: 'homoge-. 
neous enotigh' 'for. uS' tO' conclude, that 'What has .been 
.found'in the. one, with .refpea' to their very delicate, 
l^rties:^'' will always .bew>;ep#l.y '.'';the;Xame..' in .the other' ? 
and that, for inflpace^ f&0:;j«figt|jenihgi.of rod 
of'.'ibralk':|^''htet,' is an inKhoation"that every, rod of hrafs 
will oi^mion 



tille, Cclte ttlmtnttljon loftgBew’tittttle de* toncht#, at ccHo da !a tlexioa, 

L’*u ^ 

#T.* 4y i| n ^ ' 

^ wi'fiflljfc' lEAT5U|*f ’. I't ' .hit if" 
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nation of the two fubftances, which w'oiihl prefer«e the 
fatBc length to the pendulum between two dctermiiied 
temperatures. ■ ■■ 

To make this ftill eafier, it would I)c poffible to coii- 
flrud the grid-iron in fuch a manner as that its correc- 
tive rods being fixed by ferews, the proportions of their 
lengths might he changed, till the bcU-metal perfedly 
compenfate for' the lengthening': of 'thejlafs .between the 
■two ' fixed temperatures, 'Of ' which 1 ' feal-hfipeak "here'after.; 
For there would be ''nothing to'corred'by this'^method, 
but the difference of expanfibilities of the fubfiances 
'employed, comparatively with 'the mean. exp,an"ribility of' 
fulrftances of^ 'the Tame' 'dencMUinatio.i^'’ which, wotdd have 
beert'''.'dis^dl-lfeffe.red'b'y experiments made for that pur- 
pofe. ' i fhal'l refume 'hereafter this corredlion of the pen- 
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(liiliim, in order to couiklcr it in a point of view ilili 
more iniporiant. 

I , now return to the eomparutive dilaf.utans of glafs. 
anti bndk; 1 mean to the cKperirm’nts uhidi I nnuk; 
kiordiT to delcrsninu at what heighth of the l.iiiK-Ilaof 
brafs tliiL' point was,, wliich lliouhi remain unmoved he 
the; variations of 'heat., , 

Thefc eTtperiments, notwithftanding all my pains, 
turned our furprizingly iiTcgular; ami it was nec eifary 
humake a great.numbcr of-theni,to arrive at any degree 
of probability*' hr the fwil ■.place,, the tluralion «»f the 
operations made the brafs take, what I have named, the 
habit of its Ibte, which prevcatctl it from returning 

it was at the fame dcg;ree of 
■ 'h' , heat: 


Jl cettfi cerwfltow tUi pc«sJu!e, pmjir l.i rnufuJIrff foit* «rie face jifus tm|K)rt»nfr 


Micore... '■" , . ■■: ■. 

|e reden# .comjtiraiiyci d!u. ww et, tfuMwnf cVft iMlt’ir, i 

cei expi-lences pw .tefjjMlIci' je' chcrdini# iii 'drteniiHirr ;“i <|iiell8 h;»afu<' Itir la 
iame cloflton. fe trouverok Ic q^ui rcJlemit ittimobilt* par Ics vui'ja!kin#.4e 
k ehaleun, ''S',, . , " ' , 

Malgre. toal je.jpri*, cei experience#' -fa trowtjrcnl rf*i4Be' Irr^gn^ 

}mi«^ ifuri«cnante} eifll'fliBlf »n We« gr****! nombrc.'pOBr arriwr i <lei 
'rlfakatt m peu piolttbbti ,0'ilbet^, ii Iois^ur’dlei'"0p4r«ti.oni fat'foir tottjnurt 
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Iieat''’''': tbc quicker, however, the returns, tlie more re- 
gular tlicy were; it will be therefore only from fudi as- 
were (juiek that 1 fliiill hereafter deduce my conchdlons,- 
, Another difficulty I met w'ith in my experiments arofe 
from the diJTeroiice of the cHewt of the diflcrent changes 
of the temperature. Wlien I fuddcnly changed the tem- 
perature of the water from lo'"' to 70® of the Thermo- 
meter to which I have given the name of cmmmn in my 
work iqron the Moiiiiications of the Atmofphere (whicli. 
anfwcr to 54'']- and i8o-- of i-AiiaKNUiaT) a fomewhat. 
Icfs length of brafs was wanted to comisenfate the dilata- 
tion of the glafs, tluin when 1 incrcafed tlie heat lefs; as, 

(i) since the writing of this I have Iwr told, tltat the; fame phenomenon is 
obfcrved in the correfliiig Thcmiomctcr of watches; and that it produces irregu- 
laridcs which aw in aa incrcafiag progi-diwa. 

for' 


Jeor (d), Qiiand res retours efoient prompts ils otolent plus r^guru.rs, Cc nc 
fwa done <ju<; dc wiles tic aics obfervatiwns <jui furcul: prompter, (|ut; jc tircrai 
cbnpri.s loit ictultats pmhablcs. 

U« autre cmbarrastjucj’cpnnivai ikm ccs exiidicncci, pravint dc la difference 
d!cff« del chiogetneita diffSrcft* de temperature. Qjian.i} je portols tovit'a coup 
1,1 temp^fawre'dcmqneaB de lo® i'^‘’ 4 u ,TherBi'0tnfct-fuci jki appellff 
wandin* mo« ouvra^e furlesModifatiboide et ejui coricfpondenlr 

a -189T dcFAH8JS«tiiiiT, il me faillokane!«tguevtr unpcu!jj(>iiit(|t«de ' 

l&oa osiMpcsler U dilatation du verre, tjue lorfqwc-JkiJgnwhtoi* jmi«» la^ 

frf; I'd Hfprti ««eii ?«'on: mmwim m jrh<a«si#« k» ror- 

rtqwhiyeaufe-ifclJH^fiiliNfhlierit^ 'A, - ''•I--' '' ' 

. ■ - d ' djlIWmS' 
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'liu.; tr.o re 1 a 

]>|>roarhid 
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water in 

wariidii;.,',' tae \v,i 

itei in nty c 

kpcrinicnl, the nr;,, 

rr I ranu’ 


to the proportion t'ountl hy Mr. lj>,iuccn the 

lengthenings,; of thefetwo hmlic;^ l>y heat; \vhi«.h. I'c it as 
feed between ' g! aft and hrais tviixs (whiaVs ni!’'/.\i's to 
•ray miUcil brats) as too to f h.ul a poS'U: upon 

ray lamella of Iwaft whk’h anfwcral to tliis prop, rt ion ; 
that is, the lettgthi of the braft and gl.il's were at tliat 
|X)int in an invciic ratio of thefeTrambersv and tl; iH'iint: 
did not change fen hbly when, inlleud of water - d' r u , I 
fnllilitutcd water which 1 poiuca.l i mi ling into my bottle, 
; Tbcmiomctcr to 7 , ■ ' , n- 7 rr". i : m 

\ ivhea-'Xwly' encreafed the heat to 40h this length of 

Ix'afs 



iv>'’«- 40 'Va ijufti jc'me,lier»ial pir b 

J'tlKlKjucrat. 

i‘!ni:j*apjir«h«is d& l*,eiiat«f«r de tVaa U)nUl4fa<’ r« wb.Hiii.t i'' ut^n ^^u», pHi* 
p- i»s!,ra,pi{wt!tltOU' <J,tt qttb Oi’Uve Mr, rr.UA'r.'M rni*-r Ir* »!lrmg«»4cnt 

(k ivi dcay;'oarp>'"piW b ckafettr, * itxe, en'-rr !c vr-rfr ss i)u tewn iM'k It 
filiei'f (qui r^jKinl itt»fR£) ctwijm* aoo » wn pni.m 

iiw.iiia iiiiijc (k Ic'JciB, c« «j«c !« tm» 

gtiear* tfu Utm ci- 'sIh wrre y iiiv^ffc tk r-cv mMidwr.s; o a 

jioiftt iti! chanjp'oif pai fcnfihkriw'srt ac haoteor, tjyand |c fttbUliaali 4 feiii) «:!s 
■10'', vtrrlbis iJarii 'itw tropwilk, et q»i .'piafteit h .flttr* 
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for iiislaii'. e, froni lo' to 40% to which, however, 1 li- 
niifcd mvfUl for 'a, rcafhn I will toon iiKsition. 

'rhc wrH*c 1 apprcwrhed ihc heat t<f lujilinp; water m 
Wiuwiiu*' llu; water In my cxpcrimciu, ihe nrurcr I l amc 
to the proportion touiul l>y Mr, bMr.ATON h<.iv, ta n the 
lciigthttnMigS'0f thdetwo bodies iiy heat; wlti^h. !u.: has 
between glafs and. hrafs wires (wh'uh anhvers to 
mj milled brafs) as 100 to aja. I bad a pomt wpon 
my lamella of brafs wbkb anfwered to this propurtiott ; 
that is, the fkt and glals were at that 

|)oint in m iwerfe ratio of tbe#W«ttbCT»; and th.ls pfort 
'.did not change fcnfddy when, inrtcad M wer of f o \ I 

■ l;uted water which I poured bthling into- my'botlk*, 
^l^^l^g'Wt^tlwThcrmonKler to 7 . 'hir 7 fd'. Put 
, the beat to 40% this length of 

brafs 



Pttt# J’ap|»wh0ii' ,&■ I* bowillinte en Icitaufhtn unm r^w, fl»» 

jc lur rnffp^lwii d«f Mr, imiatom lemit atk'.tifjwwtt* 

tic cc^ vtftiwJe fcrf« <*« Iton tiri; » In 

fiiidrc (<|ui 

du lt%0n c* i« verw yiwienlS f«lfi>ftinverft d<r ec^ n«iib««i ct «e 
{jolit'tfii? chtngcoit {«# ftanWcJttfWi ,dit' htoMfi; (|wiw4 Jc fubflitesk i T^jW* dt 
loh #'p|pj(i*!je verfoi# !»ui!lank4»l».^,«»« be«f0ll1e, ft'tjtti pwt»if 
jHjomarft -i m 'if:p"iBia»8i®ii In tlwtoir tw 
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bruis was not fufficicnt; the point mfeufibly funk: 

I fpeak of the greateft number of experiments, for therfe- 
were fome contrary ones. 

'riicfc uncertainties recalled my attention to the par- 
ticular objedt on account of which I i\ad undcrtakeii 
my experiments; I mean my new 1 Sv-giamrctcr, on 
which, ill order to compcnlate the edeef of heat upon 
giais, it was neccilury to produce this compenfation in 
the natural variations of the temperature of the ^ir. 1 
thci’eiorc coitfined myfelf within thefe limits; notihdeoa: 
preciftiy within the lame temperatures,, which feemed 
too difficult, thouglt it wt>ultl have been 1 letter; but be- 
tween tcmi>cratures. nearly equally dificEen.t.. , 

I will sot give a minute account of thefe experiments ; 
be it fufEcient to fay, that from the diftereiice of tempe« 

ratui^ 


cette longueur <3 k leton no fuffifoit pw; lo point baiiroit fcnriWcmcnt. Jc park 
plus grawl norolwctks cxj>iricnccu caril y on cut quclcpcfois cic contralrcs. 
Voyant cc# Inccrtituilc*, Jo tourftftt mott atwwion fur I objet particulier pour 
cKpIrwiscon c’cft'ihilirit moft nouvel-BfgroniCtre.oil,, 
pour compeiiir'wi h clmkwr fur Ic vorre, J*"tt’«veis kfolii tic pro4tt5M* 
cette eompenfltloo tten* 1«* tewetteni niuurdlcs <le la tcmptSratuiw i« fiir*- 
J|b roe retttowii <^«ac 4»«i.cct elk«»l pr^cirtocui entre k« rolfA'ttenpl- 
iM'jparoit tnopdltlciK q«oi<iue.c*eatete teakWiWs entre 
tempirature# i peu j 


Je ne rea^rti pjii''«bBi|ite_,ici,j(ia 


jifleiastel* Sllii&a dc dire,. 


^ue par la 4iflS«acc d* 
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'atufc between i o* suul 4*^ " herilionictci’yrtic mean 

woportions at' the dilatations of the ln*a!s ami glafs were 
IS ai to to; cortfeqiiently,! had need of a length of brafs 
.vhich ihonld be to that of the glafs in my Hygrometer 
K 10 to -It, in order to make-up for the <Uhitabiiit;y ol 
its frame;; whereas' it needed to have been from 1 o 
fo ft«i iii the tranfition from water in ice to boiling 




Pyromctry and Jrcomc try 2 <c.. 4 c; 7 

comparative CKpanllhililics, or the proportion there h 
l>etv,'ceii the expaniibilittes of IkkIIcs, wh'u li i'ccm to sue 
by this mcthoil to be reduced to an operation as itniple 
it is o'H'uduiiVC. 

idrlf, with rcfpcA to the frame of my Fy run ictc}, 
however rude it lie, 1 have liithcrto diicovered no ile- 
fc£t in it. A point of fidpeniion of the rods whit k 
preierves througlKnit the experiment its relative po!i- 
tioii to the Microfeope, is the cailcll thing to obtain by 
means tjf this deal frame, which is not fenfibly aftetiied 
by the ihrall changes in the air, anti is expofed to no other 
variation: and this is a gTcut point gained wltcn it is con**' 
lidcretl, that hitherto frantes had a fcnlil)ie cffeift upon 
the indications of the Pyrometers; a! id that all that could 
be done, was to endeavour to obviate this influence. 

Again, 


ciJtrc k‘s cxpanfibilitcs tics corps, tjui me paroitlcnt nOuites pr tcae route it 
«ae o|»^ratioi\ 8u(R liiiiple tjue tore. 

4 'a monturc dc man tiudquc groflierc tiu’cllc foit, 

jc n'y at |«f^:U*4„prefeat: iMCiin, debut. pint ,tte furpenrioti,dM 

.bftnchei, qoi conftrve pHilant I’eapfirience.Ta.pfition relative ii ccUc.4»,,:M'i'* 
Ctt>rcope,eft la chofcla plus ail'dc i obtetiirpr cette moiiturc do iapta; l«»;pcttt« 
changmcM dc Tatr nc I’affeaant pint tcnllldcincnt, ct n'ciant otpfde » au- 
cune.|.dtre cWfe dc variation. Or c'dEl la un grand point d’otoati, ejuand on 
confidlre qm Ju<tl«^::kfi^te».'montuBlBa influoient tofijowr* dilsKtielhint-iu ilir Ici 
indications des Pyrf^irt^, et, c|bc t«t: ItOttvrit &ir%. dtoit Ju clittrckcr 
4 cn conigir les cffecsh' * 

:vot. Lxviir.,. , in ' , . ,,,;,p'£nruite, 



A«:iiiu !iicarurt'ni"iit %vii! itfcli' ahv.iv.s be an 
of ern)r more ov ivla ttviful. Table in phyiies, Ijccuuic 
diir ]Vlim.)nu;te!'-. are A\ iniperUTb H is trtiCj iiulced, 
that \vc are (iuily inipruxsn;.', theni, aiu! vitb tpxat rcii- 
fon, bnte we arc «>bligccl lo nicattue ulnuitl every where; 
but it is not'kis true, that, mjt to be t5blie,e<l tu nicalurc,is 
a great atWkianai fccurity. Now by thin nuihud there 
is no ncccdity for mcafuring: all one watUs is, to hiul 
a point upon tlic rotl.s of dilicrent liibihuircs thus fuf- 
pended, which neither rifes nor falls whin the tempertw 
tore of the water is changed; and it is fuiru ient for this 
pur|>ofc,. that the Microkopc do not vary during the ob- 
;':'jreryatit)n. 

of tbc n>ds, whofe 
etpanhoM'^ .each other at tliis puitit, alf 

pofliblc errors in this refpedt are hitherto of no itnport. 

We 


E'lifttit#, ♦wfutcr, f«rii .toOj^urit ca *’”'5 Bt’cafion JWreiir«'p!M «« 

moin* .gruwlej 'jjslrehjwe no# MkronHiUcii linu tou'* imfittfttit*. 0« ks j«r. 
Eu'tionric , tous le* jotirt iravafttaj't;; nt 5! le faot. hitjt, jHiilijue ijtius ibHinirs 
otvIig« d«^Oiwfa,rer preftitic'.pwtout} m»j* il nVn eft inoiiH vriii, «jii’«;ire 
diljxnflhJc meftref dt oiie grand# 'fureti do ptu#. (h «» Tcft trtetkmein piir 
cette incilKidc. TlfdttWy fef.Enu# de# bmneha dc watkies diltbrntiii ainft tof- 
pendufis, un iHniit qui' I’abaitfo cn changMot la iCHip'finwre ilc 

ft'auknft tout cc dost .on a'be8an|.,flt il fufRt pout cila. que Ic Microfccq»e nc 

vnric|#t«',t|mJi, (jiiWn obfeveW '- ’h ■ ■ : 

Qiianf I'll^qHrurr dc l.i b«g«eur d«l brandies dotit ks expanfion* f# C0n;^n» 
frut a »c poinl,' liyeMtt pffibk# wt font eniow lEau- 
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W'c arc very far frem being able to perceive, in tiu.: 
quantities ()[ expan fioiis, tlioic diiFercnccs whicii might 
ariil' IroiTi the ini])erfevf.Hon of this meal tire. 

One may take fherefore a rod of fomc iubihiiicc, gjlafs 
for indance, and put at the end of it a convenient dalp 
for holding other rods of diillrent I'ubihinccs: tlnis, by 
ieparalely eompariitg tiicir expanflons with that of the 
rod of g'lafs, by the pofition of the immoveable point, 
one will obtain the proportion of their expanlibility 
with that of glafs, and conrequcntly with each other. 

Nor may folitls (nily he fubjcdled to thefe experiments, 
but ihii<ls alfo: for by eneloling them in a cylindrical 
tube t>f g'lafs, the expanlibility of which is known, they 
will be as rods, which may be thus fubmitied to the fame 

experi- 


cunr ronii'nucnf!*. Nous foinmcs Inon cic pouvoir reconnnitre ttuis ks 
f|uajitii<;ft lU:*; cKp;tnrio«':, les ilifKi’cncc'i qui poiii'roicin rdulii-Tac ri«q»cric£Uon 
dc CKttc ind'ure. 

Oii pourra done avoir unc branelit' d'unt* certninc inaticre, i!e verre par excm* 
p!e, t\ fun fjonts ia latjuelk on aura ajiiflc itnc pince eomincHle, pour y fixer 
d’autres fsranc!iC!t do diverfes matiSreS'S eteomparantainfikparemcntlouraypan- 
fion fiwc cellede la, branchedc verre, par la .prifition du point on 

aaraScs rapports dc Icor cxpanftbilitc avee cclk du verte,et: parconll^®*®* 
dies. ' ■ ' ' ' ' ' -A!'!:' 

Cc'nc fera paS'fcukmenl Ic# Iblidcs qdon pocjta;,j&ttpietfre;i:,oM experience* {. 
mais k* fluides. ' Car, On les renfermant daft# «nluytp,,4e’y»*ecylindriqw, dons 
fexpanfibilitcfeit 'cohnHC, on cn fera cornmc des braacbes, qu’on pool*** ninfi 

' ' I j i 2 , .,„.>j^iil»omcttre. 
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cx'pcrinicnt-, by nicans of a fniull opaque body float- 
UL’, at tbe Lip of litem, and to whleh tlic Mlcrofcopc 
may !)l’ pnlnttab I do inst, h<*\u;vciy inbll upon this ap~ 
p1i.:atii)n of the machine; tinee tlu* expantitm of li- 
quids ntay beobterved in vales, the diiricnliitu:'- ui’whicli 
are known, by joining cylindriuil tnljc'^ to titem, whidt 
render their exparilkms nnich more feidildc. I lludi only 
obfervcqthat from the know ledge of the dilatabiiity of the 
tube, one Ihould not reduce kscapacity to what it would he 
if tlie glafs did not dilate itfelf, as is done with rffped tti 
vales in order to know the true cliangc in. the volume of 
Iqnids contained in them ; but that, on the contrary, we 
fuppofe the dilatation of trials ypeafer than 
had the lame cxp.mllbility 
as the liquid; anti then diminifli accortling to that pm- 

ptirdtiu 

i.-—, 
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portion tlic oblervcd Icngtliening of the latter: for in 
comparing the ex|>anlion of a fluid ^vith that of a folid| 
\vc mult; take notice, that we meafnre the change of 
hulk of the latter, according to one of its three dimen- 
lions only, for whicli reafon the liuid mult be brouglit 
to the fame jircdicament. 

Air might alfo be fubjeded to thefe experiments by 
cnclofing it in a glafs tube by means of a fmali cohimn 
of (|iucklllver. But I cannot help being of opinion, that 
all experiments made on air cnclofed, will be found in- 
accurate, w'hen applied to the air in general. The 
expanfiliility of air by heat varies excectUngly, according 
to its greater oiTefs degree of humidity; and 1 know from 
experience, how diOlcuIt it is to endofe in a tube, air of 
a determinate dry nefs : but if it is more humid than its 

mean 


l’.il! 0 t)gc!ncot obfervi dc cel«i-ct. Clar po«r comparer rcxpauilon d’un flwkle S 
cclled’«n folMo, jlfiiiJtitvoii' i^at'd uCS'qwe nous tic mcfurotia'Ic diBngcmcntde 
volonp*' 4 ^ ws d€rnkw,::qtte,fe»fantvnp ifewk,*!? .towk w.oi» diiacsfions, ce fao ; 
paro3ftfi'q«0Bt,»f't»dtred,>ikc lo flakk »u momc.cas.' ' "C.''', '' 

0 » poarrqk jufli foumetrwf'aif aces nitme& ckph'icaces, cn le rerifisriaant 
dam te wbe dc vera* par unc petite coloiuw de mcrcurc.. Mals jc ne puk mkin- ■ 
pcdicr^d® qqfi' le*, CKperkaccs rurl’Air, l■etvfcnn^^ ftront lofijewra laexadcs 
quand on |es app&iuem; l.yair en gerkri^. yexpapfibbit^ .do f'pr par la eba- 
knr varb beaueoup*: fwivaw qu’tl oft. plus ou ^owbupide; et jeftris ■■ 

pea«!«> qu’il eft bicn diflicilc de'rsnfcrmcr dans un tube, dc Tair d'uuc <■ 

'' ' ^ ^ 



46 s HK Li:c Ci! 

Mu;;ui in thn utnuiiphcrc, its CKiKinlilnlity l>y heat 
vvii! lie greater, 

it is rsot inijHjUjliU* (hat this niav be tin/ nadin why 
Cukmcl uov ant! Sir t .sui-eKin in; tuuiul .i yyreaicr 
cxpaniiliihty in tlie air ciulnieh in tiieir M.munaicrs 
than what I t)educc(l front itiy ulnliaatinns in tbe npt u 
air. The Imre dilicrentc there is between tbc air ol' 
London aiul that of the mountain^ of Sv, ii/eriaud may 
lie furtkient to aceonnt for this edict. I believe, iudccfl, 
that the diiicrcnces of hvimidity will be c.rullj, of error in 
the Barometrical meafnres-of iteights, to lonr; a>. tbfJl 
cliffercnccs ilrah not enter into tlte formnte; and it was 
l|^^,;§:^Bderation which hiJl led me to think of an Jiy- 

(ift) ,I fhdl! fchiiu'i to .0)4 robit if nv^y: f;triico!df I;- ^ in a pa|*(:r 

Ret la^'l it of i ifitH h<;rr-Ofct« 

As 



{}li»rminfe cftplui lnHiikU'^ ^IDc fan ci.it moycn Urn 

expapfibiliiB par k chakMsr ferit |4,u!. juiiu,!*-. ■ 

11 paa iinpotfibie <}««' cc i'»« bit l,t I .1 raU'uH j*nur M' k C«»f. 

nov ct feis'Clsev, »Mtic*(;;»0*.fltio«r trouve I« t*«if fctacr.rc' tlaitii Icmm Mimo- 
iitefrc^, tms plmran«Jc , <1M« «ll«s fpiejbi tktiuiu- rfc rtlikrca- 

tbas <!.ins Fair peut*£tr« dis'l’air de t^wKlrtrict' tic cfltii tpij 


"tovifoant: kt HionfagMidelaSilifrcjptwt'piwIttirecctcl'fci'; jeeroix tw’mecjiw.ka 
dl^wocca ifliwmiditc fcroard^ caufta tS*ct:»rt» dam k» mckitc# Bawm^triqtka 
df« l^kurs, lanr i|u*on nc paarm psw fair# ertfrer cc* ibCtjeitecs' dan* k#; for- 


nuikft yirf k 

^i}$ j#* I'ao r !»4| ill. ' ' 


III 4iii* iin l\i| Iff IIMliiiehi 

'I Qpant 
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As to tlic diflcrcnccs of the coiidufioiis drawn from 
thei'e gcnficmcn'.s cxjicrimcnts and mine made in the' 
open air, thougii they l)u conformable to the a!)ovc-mca- 
tioned did'crcnce, they may yet arife Ifom another caiiie. 

1 always ohlervcd tl\e temperature of the air with my 
Thermometer in open air, and in theSmi when it ihonc; 
whereas they obferved in the llnide. As often then as 1 
found the air warmer in the Sun, than I ihould have- 
found it in the lhadc, which was almoft always- the cafe,, 
dpeeially in the plain, 1 did not Hand in need of. as great 
a corrcvdion as thofc gentlemen for cacl\ degree of the 
Thermometer; lim e iti the fainecircumihu tees the degrees 
were more numerous in my obfervations than in theirs, 
and confcqucntly, with a Icfs eorredion for eacli degree, 
my whole eorredion was equal to theirs. I will add, that I 

did 

■ 


Qunnt fnix dilFt'n'ncfs iU:h tciultats <3t'S cxjun-icuccH »la ccs Mcflioui-s ct tks 
fHU'iutrs <1;UK r.iir i.juuUjtic conltifiiti-ti ;t la (lillctcnt-c pm;ali‘utt*, cUt's 

puun’oicM bicH venif tl'unc autre caufe. J’ol»lcrvois toujinirii la tctujierauiic <!e 
i’air avee mon Thefmoraetre a tx»ulc ilbk'c,en piein air, « au folcil tjuaiul it lui- 
foit; aw lieu qu'ilg fobftrvoient i,rot»bre. Si doac je tronveis fair plus chautl 
au foleii, tjac jc ne faurats trouv^'.ji f oitjUrCj- ce qwi toic prcfquc t«>ujowr*Ie 
cas, furtout 4 Ja plaine, jc n’avois pas befwin tl’utie fi grande correiboR <|'ije«s 
Meffieurspour chaque degre du Theunoaietre, puifqu’ili ctoicnt plwmipRibreux 
dans met obfcrvatloas que dans ,les leur* par ies memta circopllafices ; ct 
qw’ainfi, avec uae mo’m#c cprtedioa powr chaque 4%tjS|'|'avoj»,wn«‘CorreiRio(i 
totalc auiB grande. J'ajouterai, .q«eje n’ai pss 'fpcwi’^l’qttejes' rayons directs. db ' 
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jlM fi‘M i'iufl iHal ihc r.tv‘. (tt’thc Stus hrntvtl 

J n ly tlu.‘ ',»! if"' uf tlic It-ill of a 'rhcrmutiiclt i \\ lien * I'-.in, 
wUic'.ii iir;».V Ise rallly il’cn hy iuoUin;; at the t-Mivi ir.Mit 
nu'iitisnu’il in jn fjh 57 . ilic irunul vdunu; ui nry 
WDi’k: t.itnlcqui'utlv, whciUhcrc direct r.iys art upon the 

air, it is a ca\ifc oi'hcat wliirh IbuiiUi luU be lu .-dicivd. 

I am bill therefore of ojHiiiiJU, tint it i - baiter to ub- 
ferve the 'rht'rrwmieter in the Sun than in the tluulc; 
and that the ctnTcchcm for the heat of the air may 
Hand Jueh as this method of obrii'\in,t; laainires it. 
There are always acting cattles enough in the f.olntim 
of air tveiglung upon the inferior Barometer, u hit h i:an- 
, flOt knowtt iti the lupcrior for us uo^lo iieglcdf 

cattles winch nui)' he pcrecivcd. 

It 


fdteii lcl>aui*frent Snipliritmcnt'lc vcfrc bkn n*t tb l» bowlc d'un Themia* 
witrci ««'<!«♦©» fUMjrrlivotraj foment pur t’eatfifirkncc rapports »i«x p. 
dit fecon^ votunws 4# moa ©avrages ts ainti t|«ttnilce» rayum ilttUU agiiibu fuf 
fair, e’eft «M caafe dechtbar i|tti nc merfcmlile pas ilcv«»ir o«- »»c'j|bg«. 

jfe CTOt» d«nc todjQ««i'|!|^l4P»v»c«H tl’ubkfvci k 'I'hrriniiHiara «u 

foieti .«!' !il4J|rt||r la, «»wedbn pour l» ebskur 4e fair piojior- 


sia^tflea d« ciafei <lar» t«t <0. 




tpiunt'e n cCIfi? 11 

loRRtt (i'jiire|ul pek 
WBfto'itrc 4 la ftatim 
c«aaii||Wts tjui font f«liiir4bk>. 


inf^ricur, rju’un »ic |»ca*pa« 
datve tkgltg<;r au^une dss auks 
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It h therefore probable, that had I obferved in the rani4 
places as thefe gentlemen with my Barometer, expofing 
utthc ilime tirne my Thermometer to the Sun, I Jliould 
have found the real height as well as tliey, without 
changing my rule ; which already appears, I think, from, 
my having derived it from experiments matle in the 
Tame place where Sir oeorge sh.uckburgh has made his 
principal obfervations. 

I will only add, that if, in the different opportunities I 
have had of trying my rule fmee it is fixed, it had 
conffantly given me the heights too fmall, as thofe 
gentlemen have found it, even, confidering what is above 
ftatod, I fltould have fufp©^ed with Colonel hoy, that 
i pughe^ihot'^ to have taken ''Out from the obfervations 
from which^='l have .concluded my rule, thofe which T 
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m«te a! Sim-rifc; -.,11 aco=r<lin;.; tc. il’.i. rule, ;.,,ve 

the ba;.,hls t.« imall. bo.' it wmiW liutn nppcar, tl.nt it 

» • till?’ livISUl 

is owinf‘ t<i ;ia nlcnl alone tuai i>\t c.st . i i 

deviations^ liicl. arc Hill to 1« cxpcacd.tiH trtovc < iiront- 
toces have hetm^taken noticcof in the oWervat .ons, an.l 
isdvv equations arc introtlnccil in the foini.il..i ami that 
havinv atimittctl the esreptimts on tltc contrary lulc, 
miohuo have left thofe in the hulk of my obiervations 
before 1 deduced the tntoltKvs from them, which vvouU 

havebroughtttiehighiSftotheoehthiifionsdrawn tromSi 

SHUciCBuaoH’s amvaolottel Ehf»»«hiervati„na. 
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ever, 1 did hot find afterwards any iieccffity for it by my 
own. oldcrvations. 

Here then is a new fubjetSt of inveftigation, and con- 
feqiicntly tliofe gentlemen’s obfcrvaiionvi arc exceedingly 
interefting, ilnee they will engage natural philofophcrs 
not to give ii-p this objedt till it is entirely cleared up. 

I return to my idea of enclollng bodies in tubes of 
glafs, only to obferve that it will be abfolutely neceliary 
to make ufe of this method, in the experiments upon the 
cxpanlion of bodies afFedfced by humidity, as well as by 
heat, for thofe cannot be expofed naked to the heat of 
the water. Woods, therefore, may be compared either 
with one another, or with metals, by enclofmg them in 
glafs tubes. Some dilEculties I met with from the 
vapours which form themfelves in heated tubes ; one of 


the- 


«« egart! ft mes tables n’avoicnt toates cakul&s. Ccpcnclant cUs lors jc n’ca 
it p.is apper^nt lelxfoin par mes propnss olrfervatiotss. 

Voila done ua nouvel objet d'exameo; et par confequent Ics oblervatlons de 
CCS Mciltmt* pais qa’elles eftgageront tes phyficIcHs a n« 

pM abupdctn'iie'*' ibi£ Ajlaiid. ; 

' |bV<»tkn*ai*lld^;4e!^i|fWjBJericiccwf»<fcn«dwtulw»dever)e, pour 
fculepsient,^ 4'*^ ipdiOsenfable dVmpkycr ce moyen, lors <|u*on 
mettre lew fxjp^rknce# d«s corpt^^iie Vbumidit^ gfle£l;o auiB bien t|Bf ‘^’lW«ar : 
iift'pewflat p»# I la 

danr par exensple les wafer- 

mant dans dcs tube* jile iNUte, I e>' 

de* vajjcurs qu! fe fortoeii ^ftii'fei^iabes* 6 :b»aiws, ctgbtmttmc tic ni^i 11 



on 

the rc-afons why 1 fufpcvfl the experiments made upon' 
air Til Manometers, has tshlis'.cd me to fuTpcntl the ex|K;- 
I'imtmts 1 Si.ul uiu!ct1.d;cn nytfjn the exp uitiou oi* w(H>d;n 
Hub ir.tlhodoi' findini*' the relative rxpaufihiillii’s cjf 
bodies may cahly he turned into a metliod oi' hiuling 
their abfoluteexpahfilj'dities: tor if one kttows v.-iih ecr- 
tainty' thi^' expanTihility of the rod ot tn which all 
fh'f'tJther iKjdics arc amjparcd; In* means of'that, one 

:tc t: 

mh] 
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'Jdffay upon ib£ matfure of the ahfolule expmjion of hodks 

hy beat. 

Though I dul not at iirft intend to make nfe of my in- 
ftriiment in the meafure of ahfolute expanfioiis, 1 could 
not help making feme experiments on this fiibjedl. 

Befides the immoveable wire placed in the focus of 
the Microfeope, I had defired Mr. ramspen tp put in 
another, moveable by a ferew: I then began, firft, by 
feeking the value of the parts of the Micrometer, iq 
doing which the little fcale I had traced on the lamella 
of brafs was again of fervice to me. I had made it as 
oxadl: as I pojGGtbly could; each of its divlfions was the 
400th part of a French foot. The divided part of it was 

three 


M£ki fur k mfurt da tsepmjims ahplmi drt carps far h thukur. 

jt -]|p»l .inttsntion 4'abord dVmplojfffir. roa machine % meiurett ie$ 
hiffid pui-dcmnwr 'qnelini«t;«i9»<rieticc* fw cetol^. 
0«t»e It iasiBflWiI* lliaS m ,%er 4a Microfisope, J'ivois 4c»in>4| 


ftE !.UC 

three French, inches in Icngiii, confcqucnlly confiikil of 
100 of thefe parts, that were, or w'crc fuppofed to be, 


C{|iral, 

Pointing then my Microfvopc at. fu ll upon one of the 
extremities of the leale, tlic two wiK.** tijiiu iding^, I 
brought moveable wire to the next i>oint, counting 
the tums of the fcrew : then conduaing the inuwneablc 
Wire.from one part to another of the Hale, ancUrringing 


at every 'Change the moveable.', wire to tlic |>oint Immc- 
itiatelyfollowMgrthOted lengths of the parts 
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cnoiigii for this meaiiire (and perhaps very exa»£1:) makes 
twenty turns for of the Englifli foot, or one turn 
for ,^3*o-,,th of a foot. One coiihl cufily cliifinguiih the ef- 
fect of ~th of a torn; confeqiiently, the iiiftriimeot was 
fcnlible at foot, or al>t)nt of inch. 

Knowing thus tlic value of the parts of ray Micrometer, 
I undertook to meafure the abfolutc lengthening of my 
rod of glafs, which xvas of 1 8 Englifli inches and from 
a mean of four experiments, the refult of which diliered 
very little, t found that my rod of glafs had lengthened 
7,5 turns of the ferew of my Micrometer from the heat 
of 10® of my Thermometer to that of 70®. 

1 fliall not make any fenfible error if I augment this 
number of turns in the proportion of 60 to 80, in order 
to obtain the total expanfton which would be made by 

' , ' - ■ ' 

p'led acel«i d'Anglcterrc, aCest exa^ pour on objet <lc cette nature (ct peut-^tre 
trSs exad) fait ao tour pour il# du pi«d Anglois, ou i tour pour dc pied. 
Gn pouvoit diftinguer aifSment I’efiet dVw de tour, ct par conft^ucat I’inftre- 





the paf1*a>:;c of water in iec to Innliiig water, that is, from 
o to Bo'’'it|wn my 'riierni(Jmctcr, notwithilancling tlic 
coiifhlevalkm of the (litlhrcnt progreis of (puihfilwr and 
glais in their expunhons 1>y heat, \Uuvh i iludi ipcak ot 
hereafter; bccauic the two terms ot the oinervation, 
lo^antl 7 o% »fe eqtu-diltant from the two fixed phots 
©f the Thertnometer. I rttail have thcit athiul pait to 
add'''to the number of turns tor^tlic cxpanlion of i8 
'inebes of glafs the, heat of water in ice to 

that of boding '.'Wiiefi-wMcb’wiii make i o turns, or 6| 

;for; tb.©'''cs3C|wnfioh of ®n# 

One turn' of 'tlw' ferew being equal' of a toot, 

& = r.Wh of a f<»t = > ' .th of * inch in one 

keen found by 

' Mr/sMEATON. ' '']^Iowcw, tbk fingular conformity: may 

be 




'm 'a^ mrnrurs pr !« 

fefii^il. ci-apsij p»Ke;''H«e k;i:4a»1cffiS«i.4«^'iWw»i»«, 
flttlS 10* treawia 

Lmkn, J’attrd im in tlewl ^^eatfr^eu nouibrc d«» to«ri,, pwr {’•#§«• 

■ fwn d* i|»ttce» ffe'Vewf, ta ^♦tleuric l'ca« «!»oi l» gl«w h cell# 4« 

rc.utoS%; W M t««' ‘•“‘P"'*”" P**- 

Un tour da M ltl lll j i l ii liwt iit** >*• *i fggg 

, ,J, do poucc'tof ;E i TOiU ptfciltant ,«• M' wMtw 

v&iii 1 'p . ' < ' ^ ‘ 


; ;-i ''' 
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1)C only accidental ; for I do not believe that all glailes 
have an e<]_nal dilatability by heat. Their dilatabihty 
often a|>pears different when they are foklercd; for it is 
no doubt owing to that, that -tire parts which are unite<l 
when they are melted, often feparate when tliey grow 
cold, which docs not happen when the glai's is exactly 
the fame. It is poiEble, therefore, that tliis apparently 
exa<Sl conformity was occahoned by feme compenfati on, 
rather than by real exadtnefs, 

I faid before, that the irregularities I obferved, when 
the glafs and the brafs were combined, were not to 
be attributed to the glafs, and here is a proof of it. 
When I had acyufted the immoveable wire of ray Mi~ 
■crerfeope to a fharp point which terminated my I'od of 
glafs, the wat<?r being at the temperature of 10" of ray 
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rhermomcter, and that, after having heated it to 70"', 1 
At)iight it hack gracIvuiUy to 1,0'', the point either re- 
limed exactly to tlw wire, or hi near tt> it that I emdd <lriiw 
10 concktflon,tVcnu the fmal! djtierejuc,a;;a‘uill the regu- 
larity of the rctnrnt of tiicgiafs to its iimie iength in the 
feme tempe.ratiirev' one of the hntr expcriaicuts it 


ftfwlml'tkaftlvt in^aferond, I wanted liaht indeed, to 
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ever irregularities there might he in the obfervations, 
they would certainly arife only from thebodies that may 
bo c.omi.ared to it, and might for that reaibn he more 
ealily afcertaiiied and determined. It has even anotliu 
ufeful property for fueh a purpofe, and that is, its being 
one of the Icatt dilatable of all bcKlics, from which h 
would almoft always happen that it Ihould bo the rod of 

srlafs which would be fixed, the other beuig flioitti, 

which would prevent mating any changes m the app.i- 

Glafs, os 1 have faid before, would Itowife be an nfeful 
fobftance for the pendulum; lince one might depend 
r™n the confiancy of the progrefs of its variations by 
heat. , ft is ttiie, indeed, that its fragility would be an ob- 

,eaiontonfingitincommonciocts,butthe-« 
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;ianitt>n'\ed tf> rciptvl his flock iis well a'- ul! his otltcr in* 
liniments, \vmiia not l>c pvevcntca hy tins ronjidcnitkm. 

I’his ul iVtc returns oi' idais u> the himc 

leni\th hv the lame temperature in tny Unir experiments, 
is likcwite u proof ol the cKudineis oi the intiiumcni; 
untl rf the valiie''Ot* the parts ut the Mictometer ^vas well, 
ulceltauted, one might be lure of the alhohuc expanfion* 
of the glafs I mack iilc of. 

1 ilare not yet be politivc thatthis is fo,bet aufe tine patt 
of the fcrew which, meafiireclthcfe cxpanilons is not the 
fame m which •meaft 1 mi■^to'^■p«t 8 :.of my" feuie. But 


&f'" am •experiment W'liich it. Bioultl be 'fiecefiary, to nr»ikc 
®»lyP'iice, it would be eafy to mcafure the exptafioiis of 

■the-ferew, in the intervals of 
thofeithi:^^‘WhiAha4'fofwd 'tO'iiieafiirc the parts of the 



I’Aftronymc, «<!ceuiu.inift fa pcadaio totiirat 

«owi l«i iwtrei «c fera pM;arf|t^ pa*- «tte »of«<Mratwi5. 

Cettt' tlgBlarWi. idt dii'f<if¥cih indnc" longueur par ta titOne 
■rnture (Istii'weiciflatw ■*# -anlR preove tie rcaaft'iwtlt 4 b fin- 

■ftrument, f «« I» ttbtti <h» pnhi 4tt Wiw».i»hte Uolt bicfl ,#«fiia«e| ,oa' 

Je me jsuis pas l« paiti# 4« la »»• <|al incAjra .cei 

n*eft pas h .<5B‘ -uatteiit 4« »^.,4du#Ue. 

aifc, fwur «»s'cxpliiBiie« <ia’o» iift-&r(4i'«Wi|f 4i, falit ^prtuae 
foil, 4« vcfrafiur plttSiBi* )pariie« # h pi» 4*8* lift" 

trrrftlk mkmvi Iti pmliei 4* rBdicll«, ^ 
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fcale, ill oixlei’, if tlic refiilts fliould happen to be dif- 
ferent, to take a mean of them. In a word, for this one' 
nieafure one might nfo all. the precantions that are not 
griulged in a fundamental experiment, .though one is apf: 
to negledl them in common vifc. 

The cxpanlion of a certain rod of glafs might there- 
fore be thus determined; and by fixing to it afterwards 
any other fubftance, in the manner which Ihave ex- 
plained, one would have, by means of the immoveable 
wire alone, their abfolutc cxpanfibility, free from any 
fen fible error occafioned from thehiftrumeoti 

Notwithftanding that the expanfions of the glafs were - 
regular in my experiments-, they did not obferve the fame 
progrefs as my Thermometer in their degrees. Thofe 
of the glafs were always increafing, or its condenfations 

decreafing,. 


pfcmlre cnlVtte k milko fi»tre les reiultat*, .»’il8 ttoicaidiffctCM, Enwn inot on 
pourtok pa-nclrc <Jans cette m«f«re unique, toutes Ics pdc&m'iom qu’of) nc rc- 

;raai8 qiji'pn nlgligc fi aiii£iRcntdan$ ■ 

Ott'4fcrmiacro»i 4apC' dnS cowailpe branct»e.,4eyfi»,. 

ea.attwknt'enirttite.'l’c^te^ toate,wtfctiind|r;^ ^cajuMC 
jpi'.l'd expliqsw, oaiu3K>it*,.'pir'le fil tm'mobile feul, lew c5EpaniiblIiit;j ' nbfdufr- 
.'exeilif h la^feur fenifibl? I’iaUf ament, ' „ , . ‘ ^ 

4b ’<?«!*« ft 

rjenccs, cile* ne faidtittS p«* ft W«fb« 

eeile» duvem furcivt cotiienfttions 

■ f."' ‘ ' .. ■; ' ' .• 
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ilcfTcalino,, (t’inip.imlivciy, \^ith t1iv>rc cf ihc :;:iii’kfilvcr 
in the 'rhcrmismiier. 

llavine, nblci’vcil lliU ih'tiin ej.!!'* dcarlv 

in inv three tirfl cepcrhitcnts, I dircriul ihr inl to the 
purpolc oi‘ aieertaining it, nml for llti-- ivaiou 1 it. 
with thte greateft care, I firh tit' ali ntijtillch the Mit ro- 
fcopc tothc jxhnt at the extremity cif the glut's, the two 
'Wires coincitling, ami the water i’eing at to': i urier- 
wards changal this firll; water into warm water of 70% 
ami was obliged 'to move i the mtwcable wire 7,hniniH 
of the fereWto reach 'the |x»int.' 'Mhen eookal the 
'water progreffively by 10'’ 'at a time, anti thefe arc the 
^'l^jiortions of the coiHknfations of the giaft as they 
the- todvekble wire rct*Tcfn\e!y, 31, at), 
26, 24, a a, '19. Thefe are twentieth parts of the turns 
of the ferew, the fnm of them makes 7,6 turns, by 

. wliieli 



' com|>amrtwm*it Ic^ei da wca‘«r# dam Sc Tliermam^trc. 

Jipnt' rmiirrjtti'^c »afc!i« da verre tt'anc mar»icrc i»« fenfihic dnfti* mci 
troll p^ftithei cjtjilrlwmi jetllr%e«laqo»sria«c vcm k but de !a tktcnnlmrr, 
«. je rcj{#at»i'pour «t| iw te plai grand foin. J’ajuftai d'atwrd ic Microfi:o|« 
fill- lii da verre, te* deax fit* onoicitiitM, ct Ftiiu 

' ^tant ii lo" : |e‘cliii^^f#tk’diie'eM{e |i«Si»iire eta cn de i‘eaw e!»a» 4 e i 70* s et 
it w fallut mwvoir Se'fll'iiSe^ d« 7,6',teatrf de S* vis, fowr atwndre la poiniw, 
rcfroiiSls Tmo do 10* «« "taf, et void to wpporii dc* cewndenfBtieei da 
wrrtfk^lii^k fil wobile to indigwo^' mrogrAnu 31, 519, *6, *4,8#, 19. 
' Cc Iwr to* 7,,& iean li^ut ia vi» 
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which tlie drew had got forward; and it is this one, of 
my foiu: experiments, in which I faid that the return of 
the glalH to the point from whence it had fet out was 
pertbaiy: exaa. Thcfc mimhers arc fcnfibly in arithme- 
lieui progrcllion; but 1 do not pretend to infer from 
thence, that this is the true iawobfervedby the condenfa- 
tions of glafs, compared with the condenfations of quick- 
filyer ecpial between themfelves; to affirnp that, one 
flioidd have examined the Micrometer, better. ^ It is 
evident, however, that they arc conltderably decrcafing. 

I mnft mention here, why I chofc to obferve the con-r 
denfations of glafs iir water fnccellively leis heated, ra- 
ther than its dilatations in water fiiccedivdy more 
heated. It is Ijecaufe by this means 1 brought the water 
with miidi more certainty to an uniform temperature.. 

If 


aVtoit avanew; ct e’eft cclletlc mesquatre experiences ouj’ai dit,quo Ici'ctour du 
vesre ii point dc depart fiit parfahement cxa£t. Ccs nombre* font fonfiblc- 
lucnt cn progrcllion arithmetitjue; mais je nc ptetends pas ett conclurc qae cc 
foitJlla'vrtie-lofgtte'raivcnt'Jes'contlenfaHtins dayeiTc,"comparativ«nentS des 

'%»!«» faUdroit" .p^ur'yel*' wdr inietix 

ex«min^ le Mkrom^re:’c«|>W!Wliit-o4v6il’ftii'Adintiif*dC'ee#d{«de'^ font 
confiddrablcment decrbilTMWs,' ' ' , ■ ■ ' . , " ‘ 

'■ "Jedois faire niention id dc la ralfon pour laqaelle j’ai preferd d’o&ferWr’ its 
€ond*tthtionif du verre dans I’c^u fuccelHvemcnt moias ohaude, plot^t qwe fe 
dilatafio»»8''d4to| pim cltande. ' Cift qttb' cettc voj'e . 

jbracnois icincodf IfSl Hitorat ^bosi< yatf * ■ / 
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If ymi {Wir warm water \ipr.ii water tint is kfs warm, 
whether it' he that the' firfl, huin.^- lighter, remains at 
the tap, (H' that 'licut hclccmls clillindily in water, or 
from iH'H'h 'ciu'ifcs untied, certain it i:'-, tint: then; may he 
fiirprbing ditrerenres between the top and Uu',- IxMJnm. 
.My 'Thcrmom«t», as faitUx'tore, was' hung in huh a 
'tttahttei''that the ball of it- was near the middle wi' the rod 
of gkfs. When I jxjured warm water nowly upon -water 
that' -was k&- waitu,' it Ibmetimes ha|i|->euetl that the 
■ Thermometer :di4-«ot- wy tiU l;'had mi.Ked them. ' 'I tried 
to convey '.'wtrrb' iviiterto the'^fehttotti through ;i pi'pe ; Intt 
'■'dfe ''ittitifedlatel'y rofe: 'and if 'the-'JThy^'fiiSij^eter did ■not 
ii,„|bdtoeii to be upon its amending hream, it""ftll|-fOlc very 
» ' to ilirthe waicr Iwlore the 

the «)'iU'rary, when! pesured 

w'atcr 
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water lei's, warm \ipoii warmer watcfj it was fcarce ncccf- 
fury ti** ilir the iiiixtnre: before I had done it, the Ther- 
mometer, had ahnoft qititc fallen to the point of the 
mean temperature. This therefore is much the fafefl; 
method for ail operations of this kind. I had already 
experienced it in tlic comparifoii of Thermometers made 
of difierent liquors, which 1 have mentioned in my work 
above tpioted. 

By operating in this manner I was fore to have given 
the rod of giafs the degree of heat indicated by my 
Thermometer; and I repeat it, without aliuring that 
the numbers al)ovc written give us the triic law of the 
condenlations of giafs Comparatively with degrees that 
are ccptul among themfolvcs upon the Thermometer, 
their dhiercncc is too great, and too regular not to point 
out a progrellion fenlibly decreafmg. Here 

fvir Pcau })Ius chaude, jc n’avois prcftiuc im-i l.cibiti d’agstci* Ic mtlangc; avant 
tjuc rruflc fail, Ic 'rhermomhre avoit !»»({« pref.juc cntibreincnt au poiut de 
I« tcHips'raturc inoycHrso, 

C’cft done la nielhodc la plus fure dc Ijuaueoup pour toutes ks opcnnlons de 
CO genre. Je I’avois cWja dprouvd dans la coniparaifon de* Thcmtomarcs dc 
diflerentes liqueurs doinJYrpary dans mon ouvrage c’uc cUdevant, 

En opraht done de cette manierc ptois fdr d*avoir annuumigul i nm 
branebe de verre la clwlcw qu’tndiquoit mon Tbcmsomctre. Et jc Je r^petc, 
fans alTurCrque k» nombres rapportesd-deflus nous donnent la vraie loi dcs con- 
i&tions'du fetit, compafativement i dcs cllge£*8 Igausi' entr’wx f«f Ic 'Fber- 
metre, :.Icur diffcrttaeeeft trop grande tt trop'f%uli!ferfij,-’.,pour'liiC pas indiqper 
! progreffion fenfiblemeat dfeoiffante. ' ■ ■ ' ■ ■ • ""i;: 

Voi, LXVIll.' ■ ■ M )i»'m . 
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Here tliien is a fccond 'mftancc in thcfc cxpcri 
alone, of tbe <lillcrcnrc there may he between tli 
that follow in their progreh; dihl-reni ellUls of ihi 
caulcs j an ohjeit very imjKjrtant in n.Unial philu 
and to the eliitklating of which 1 dctlicaic the 
part of this paper* 

P * 
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P A R T T ll E S E C C) N D,' 
Oijftr'i'afhm upon pfp^C£t! mcn/um. 

MOST of our phyiunl laftrunicnts m’c incafares of 
cffedls. The progrefs made in natural philofophy, eii- 
cre.ifcs every day the inimber of thei'e nieafures; or ra- 
ther it is by the cncrcafc of them that naturai philofojdiy 
has l)ccn fo ttuivh improved within a century, and that 
it flili continues daily to improve* In proportion as its 
different liranchcs cncrcafc or -extend thcmfelves, we fee 
the cataiogue of our mstsrs encreafe. Inlfead of continu- 
ing to he fatisfied witlt perceiving, with conjecturing, 
withTtjrming fyftcms ii|ion what is improperly called the 
anti is in £iiil the laud of vilions, we endeavour 

to 


S F. C ft IS D E EAR T I IC. 

RmufqMt fur hi Mtfutis phyppm, 

LA ishlpart <Se wot miclilne* : de phyfiquf, n« foist que t!c» incf« res thflct#. 
I*e ' j»erPe6ionnc!ss«nCde }», 'Ptiyfjqe*' tttgiwsatij tMH lei Jour* Ic nombre dc^ €cs 
]Hicf«res.| ott,;pi,utdtyc:*eft far'letir aagnsentaticin q«e h pIijifK-iuc a taat|agn^, 
depwii'Un flick, si qu’dle'pgne encore chuquc jour; noai voyoM Ettcwitre te 
isos «ftw, i meforcqnc restHverfa branchwfe dl-#l«{>pent et 
s’eteadent," few 0fmm aHjourd’htti tl’tpijercevoir, de' cwjedurth' '-<!.« fakedea 
fyftiroci tei'de qa^ii'.iippelle »mpropr«ws*apdf.|>elRfef»,i::«*'^^^^ nkft qwe 1« 
.■^0an del clsimcref, , ttotti emreprenotta de. dteiwir. lei'ciwfespar Icur* site, 

' . M'm m a ' , ' «« 





4^4 

to.invcflir:.:irc cuv.fr^ ilnur.;:;h tlu'tr cHias 1>v mcnfuring 
f\\{'(>' ^’.h,c^t'V(;^ I’.v'iUS'C j,ivc''. u:- u htHit uril huldj !!H)r<k:i 

r.iit tii 1 h' ik'i i vi vi liy t'i iidth. 

4'hciij^^ {M\ 1 s)l t h i 1 tkc ti.iw n c .iUlii'i,. know** 
ktlgc in iakilokjpisy, were cKtvcnirlv wc.,k. Al liril: 
pliilufophm were kuislicd wiik. iKiviny, inlhuincnts 
wh'iycH intVieated !kc exiduna; of certain cantc.' llrat our 
orgaiui could either not dhl'oyer iit all, or dilhjveied 
vtTV iiniKTfcelly. I fence the niodetl names gieen, Ity the 
fitii ijtvcntors to- their inftrumentt. l'hr:y «' alk-i! only 
Bamfeopes, 'l%crmoft:opes, ■ .thole iniiru-^ 

ments 'which were intended' to iltow the^ weight of the 
' iHii. lhf dilatation of bodies by heat, the obje^s w:|iick 



tR-mcfttpal.-ceux.d, partoot <nib miurc, m»«i''<fen*W |rifc* pouv 

paswompl* par 4 c» ■ 
to';^«kri ^y«i» ,t 3 « cette lumierr, (pi! ♦ toJent i'lswrorc .ItM vrayr s co-ntioif- 
ii 3 *atord trO ('oiWcji. 0 »i h trtmv* tnco conieni 
tfavoir apperccvolr llirctntnt !’cxirteiK:c «ic t:ert4iM» 

aufci, <jue A»i pouvoknt ik«oyvrir| «u w. itccoMvrekni i|tt« 

tfi* itnparfaitmeMt '"B® 11 *^ mtJtlcAci qi« ki s»r<£wicri Jnveii» 

'ksm (tonnh-ent » Icurs nwclii'Biii. ' Ik a»»jrpdj||*tni'tiac Ikrofoiw, Thermo* 
ftopni,, .Microfcoi**, kurs intIramcB'i tleftiiti* I'mofiircr, te |>oidnl»Tiiri„la. 
«(iktitkni,'<jki corp* par l«. cJinkor, ietphjctt.qtu dch^ppeati.lt. 'TOO* 
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Tliefc names %vcre too iuon clia»;»‘ed, in culling mea-^ 
whut: was not ytt iucb; l)Ut wc every day become 
more ilflicutc witb rcfpe^l to tlie conditions tliey require; 
and lUc lU’ogrefs made towards pcrfc^ling them, are the 
nu)rt erti'itual Heps which have been towards the 
knoM' ledge of Nature; for it is they that have given us 
a diigiilt to the jargon of fyitems, foundeti upon mere 
hypothefes or deceitful apijearances, the confequences of 
%vhich were f^wcading fail into rnetuphyfics, in which it 
oa:ajloned general confuiion. 

I'hc improvement, of phyfical mcaiures docs not only- 
lead us to a better kitowkdge of the immediate caiifesof 
the efll'fts thus meafitral, but it aiTifts us in decompoling 
atmple^C'effesSls, ami efpeciidly in diicovering an<l deter- 
mining the fimnltancous cffe^ls which I lhali hereafter 
name, the eo-effetSls of the fame caufes. ' , . 

'When 


On « cl>3ni»y tro{* ^'*1 la tcrmmatfoft Jc cc« itonn cttic blcn i!’:U(iirs icniWaUcs, 
m tic mfjkrt «, ■ tjai m point ■ encore, Mai*' chat|ne jnar on, 

ikrkfttpltti4iSlkatlklM«»adiaoa*q«*cHc»cwgcn^^ « le* ptogr^* vm lcur 
p«rf«aion, fant les p«s^ lei' pk** "aft ftlo 'VOfti ' It eonnoiflisnee it!,#.* 

'laktnm car c« faatcett’x ''qai ottt leplmctoatribBll, bow dlgooter tl« 
fyftemw'foodl* fer'dci hypothefei o« dta'.apparencs# trompcMfcs, 
qweacespiflbien.t en foul®' <&«« !a Metaph'yfnjue, tt y^boHlvcrfeienr^c' '' 
IU''f^4ttonem#atc4Ss Mefawi'phyfi^^^ nB'noM»»«wdnil|^j'>MiilgBement • 
imicax' cofflBeftr«'l(kf,cpfe«l*nnttMiatei'de*=e^^,'W<fikiifiP«is'^ aide i 
;4tompokT 'tei effits' '.exwiiplcxei, ct :tbrto«t4''«l&(Wi¥w''«t'<}i^^^ let 
:"^ ffal tin'4s, que,je nom«a«id 4 m* Ji.fuite Iw cfrcffcts dci memes tauifi* 
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Wlicn from c^pcrimcrifs, fomctinic;’. very niic, we 
Ivivc atfurt'^l inn'lclvc^ thvit iwo m- inuvc clTccls eon-' 
ll.uil'ly go il^ eettuin rcl'.iiions v;c nviy rontent 

tHUil'lvcH with itbjlTvini', xhv. tnull cv'uknt of them, 
aiKl depend tiiH.m the evidence $,?{' the otlicv:, .is if they 
were triiitiiicdi*i.tely uidci'vedn Fins Iciuls ns lioni idiition 
to relation to the diicovery of opcniiiuns of Nature which 
■before were CJitirdy hidden; and nothing c;ui he more 
nfeftii to man, than ibmetimes to examine, how he rca- 
foned ii|»n thole. ohje<5ls before he was guided by 

•experience.. , . ,. ' . \ , 

■ Thefe inftanccs of the connc£llons of efiWs,ditl'ovcrcd, 
and afterwards mcaihred one hy the tnher, are now be- 
frequent in hatural idiiUdbphy that it wotdd be 
■afelefs'toln&niJon them t and indeed when oneamfiders 
onr phyjfical inflruments, one may fee that the greateft 

part 


; CJgtai foavennrci 44!k«tts, ttom" »©!»»' .fornttei ail'urh 

q«e di«i.'oo..pl,Bfiiari effcti unitditHt t<»ajtni« t^fetubk tfsos afiaini 

noai'fwwni .tfob&wr 1« p$«« rtriikur, n o>mj.it.tT fur IVx'ifterw© 

manikfifu t-c qui (wu« C 0 ml«iu 
ik rapport |;:4l*»«wnr.dci,oj'tf«tiwu* Jc ia Nature, <2iii t¥aot.«}» 
noui ^toient pU« n^eihire irHomroe, i|«w 

dkxsminer cjueiquefoii oomwmt tlca rdfeonoSt avsnt tilt cc# fcour*. 

L«i excOTpic* dc cm liaifoni 4*efct*, dlcowiterti, et rntfurtii eufiaiie iei tini par 
Ics font aujouni’liui friinuitipU^i tlapi li PhyS^w, fejro.i| inoiil# 

iri«i5fc.r'lijt.,«c|wiatj ci tjuind on-coafidcii Willi® itefiw latcWnwi 
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part of tlicni arc intentled only for the difcoveiy of co- 
cffe£ls, l>y the knowledge of thole which arc niore evi- 
dent. Our fearch after new incafores has Ukewife the 
fame end in view. If we willi for an Hygrometer, an 
Elc4lrometer, a Photometer, it is lefs with a defign of 
arriving by means of them to a knowledge of the 
abfoiote or relative quantities, of moifturc, of elctSlric 
fluid, of light, than to endeavour afterwards to conneil 
the perceptible effedls of thefe eaiifcs upon our mea- 
flircs, with either lefs evident eifefts, but which depend 
xtpon them, either as feparatc co-eflc^ls, or as modifica- 
tions of other cfFc£ls. 

With all this the general jn'oblem of phyfical mca- 
fures is a complicated one from the firft outfet. The 
fell object of all thefe meafures is to know the exillence 
of a lirople caufe and of its degrees of inteniity ; and we 

have- 


p1iylii{j[uc, on voit tjuc k plus gf*wl nombr« n‘efl: lieftimc ci«’» deterinirtcr tl«i 
ce-eflets, jar I»,'<»t^oiffiince sew* ejui font k plui LapWpsrt iwHi' 

; ide jtios itctochcii ile wouveSlei melbim teiuiswi: i .ce mime^ buu Si mui cleiironi 
wn Hygromitre,' «n, ■Fhewmlire,; e’efl; moias pour conadtw,; 

en ki obftmnt* le* tjuantiki abfotwc* ba r^ktive* de llmiwidik, du Swideito?'- 
triqtte,,dc h Iwmilre; qae pour tr«v#iller cafutic i li,cr ki fiffett bfidew 'be ee*> 
caufss^ r«i:. nm mefuroii I dkulaea eSet« metai byideat; <|ul m eu. 

.wnaw coeifet* 'w comm# inodififflMbii».,tf'E»,t'rei eftta.: " 

, Cfipeadeat; I« pfobttoe 'glalirai 4ei mefwaM: pbyfiqoe*":; (dl/' ctopllqal tics 
piMi,, ' €oaaoleei*mtoce d^nite ctafe fittfle et'fet bsgixt d’mtwlll* 



hiivc' nolhlu;!, !u {'m!’'!.: .if, if, Im! uic ffk-cl:; which tlh, 
t.iiiic I'lrtKltu'cs uth.cr bohic', Ibr tlu; iBolt. 

■j'nul, dll thcn.ik'lvc-5 t;os.B)'rt. hcntl a, ;::rcai juintbcr (d" 

otiii'f cjulc-i. \\'c tail never thtid'^nv, <,»!»irrvc 
abihhuely fimple; uiul uiuiciiiiunilv^ k'nlibli; cltceU 
whids) are ei|i.ial amongll tbcnilUvc:-., «!« md [joint nnt 
degrees likewife'ci'iital atnnngd: thtinielvcs in the canlc 
to' which they arc atsrilnited. What, Ibr inthmie', are 
<jur nieafiirts of heat? 'I'hc dilatations oF 'bndicH, What 
our me;dures cd' weight- of the air? The height «f 
tke foickillver in tho, teometer* , But the lUlatatinu of 


forits -quantity, as for the law of its pfOEreffion by, equal 


tra mefum; erjwm ’/ arr'ivcr, »n« 

rwy coei’uw lopfi** <}ui ifda r-tiK*infme»'rtn'fer'‘ 

' 'iStjfte ttttldtiaJc dhtilrca t-awfis, Jamai'. *!tsiir ni>u-i ne {><»b« 
itidifoliimofttfimplcj!; ct fwr fonfeijutut, 4 p* c,fFct« 

i»il# (tow' !# 'iiiiriiw»rtii, ' t€" |)ar f ,«* 

!ur? Cc font -tei 'iJSdttiom «lt?s wrt, Qf't:ftice'<|ae''la' 
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by the miftirc of the vacuum iit vvhieh it is lufpcmkt], 
1>y the attraciion ofthe by the friction, perhaps by 
tlic pcnnealnlity t)f glafs to Ibinc pailielcs of that mixed 
fluid to which we give the general name of air, or by 
various other cautes tluit are tapuilly imknovvn to iks. 
The fame htdds true with regard to all other pltyfical 
mcafures; and this firit flop of the hulder, by whidi we 
jffrivc to raile otirfclvcs to the knowledge of caufes, is 
already vei*y {lifncult to afeertain. 

d'he leccHid, however, is mnd\ more fo, fincc it de- 
pends upon determining tlic cu-ehefls of the fame 
caufes, either in the tame or in dhUTent hodies, 'Fluis 
when we ihall be pofreircd of ats Hygrometer, wc ilnail 
endeavour to find out what chlkls this /jumor, whole 
prefciice and degrees will be indicated by the inflrumcnt, 

y produces 


tkgf^i tic chulrur tic rr fi'itti'ic, psic I'a nature; t!u vukk iltriH letjucl il eft fuf” 
pendw, par l*»nra£titMi du verre, par Ic frottetnent j cr peut-ctre ettcotc par la 
pcrra&hilM du vcrre i ,<|U«l<pjics partituki dc c« tjwc nou* appclknts cn general 
feir, m par d’autres caufes ejuJ n««* !imt egalemeni: inwnnvtc*, I! en cfl do 
ifttac de toatciJci autrea' jueiufca'phyfttjunaj ct te prewicr dcisellots, piiriequel 
,noui cherchon*' a houtciewr i lacomioiftaiicc dcs eaufc’, eft dtj'* tfb difficile i 
.Men 'alTurer. ■ , ■ ■ 

Mail kftfcond feft Wen advantage. , 11 confiftc idlte«niMr'lc* ,c&-eftcts dci 
rolnwi ctufra, ' on 'dans ■ lo* nsdnses cor|«, oti dan*' dci diffidrens. Aiafi^ 
quand'ftOM auroni on 'Mygronietrc, no«* ditrcheroni i fm&if qutl efTct jswfduk, 
|ar Ty voire <^ui s’ailonge, far Ici fels dont ic poidi aagmentc, fur la dpffifde 

'f'Vou LXVIlk' . , K n K ' ,, '’’i''' i’dr 
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produces upon ivory which lengthens, upon falts wliofe 
weight iiicreafes, upon the dcnfity of the air which 
varies, upon its falubrity, its rcfringent power, &c. 

But even when this is done, we fiiall be erabaraffed by 
the degrees of thefe co-effedts ; probably they will not all 
incrcaie in the iamc proportions as tlu; dilatations of the 
ivory jor the augmentations of the w^eight of an abforbant 
body ; and a great many experiments will Ijc neceffary to 
difcover the laws they ohferve by .the diiferent iiitenfities 
of this common eaufe. 

It is notwithftanding upon relations of this fort, that 
every thing depends in experimental philofophy and in- 
deed in all true philofophy. Confequently, the perfedt- 
ing determining thefe relations muft 

be a principal objedt with all good philofophers. I will 

not 

Fair q'Ui f ar% .for fa TalubA^ fur fa verm refrmgcntej ctit^: hmmr dontJa 
prtfence et ks degr^s feimr.'indiqucs par rinftrumcnt. 

Mais alors encore les degres des co-cfFcts nous cuibarrafcront: i! nc crokront . 
pas vraifemWablexnent ' dans . lea^/memcs rapports tjuc Ics dilatations .dc,r|?oirc^- 
ou ks EugmeutatioiiS de.poids d^un corps abforbant j et il faudra bien dcs expe-', 

* ricnces pour decotiwkyks^doiX' qntis;fuw diffcrcntcs intenfites, de ce|tt 

canfe commune. 

C’eft cependant a des rapports de ce genre qne tout fen'Cduit dans la phyfiqu©' 
cxperim'entalc;^ tt par cela iiieme dans la bonne pliyfiquc Speculative, qui ne^fc 
paye pas de,;'. toots. Par confeqaent le perfedlionneto^Ut., dcs^ m,etbp#s;pourvd4in;,/ 
terminer ces rappot:t|[^ p^d^s objcts do la;plus,,^tojbdo^Wnw 

^ h : dg ;hfickp%' 
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not enter into the methods which lead us ftep by ffcep 
to the difcovery of the correfpoiiding progreffioiis of co- 
effe<5ts of the fame caufes: it would be too difficult to 

generalize them whenever one w'ent beyond that funda- 

/ 

mental principle of all fcience, found logic ; and, what is 
the heft prefervative againft precipitation, the knowledge 
of the weaknefs of bur organs and of our under- 
ffianding. 

. But it is not always pradlicable to trace in all its 
points, the curve that is defcribed by a feries of cor- 
refponding phenomena; and we are often forced to con- 
tent ourfelves with confidering as proportional in all 
degrees of intenlity of the caufe, fome relations that have 
been either obferved or found by experiment. This ex- 
pedient one is likewife often reduced- to in practice, in 
order not to complicate procefles without reafon. Thus, 

for 

■ficiens. Je nc m^arrctcrai pas'a celles qui cond-uifent a decouvtir pas a pas les 
marches correfp0’odantes' d'es co-effets' des mcmes catifes ; il fcrcit^ trop difficile dc 
les gdneratifer cles'’''qu*dn' voridrdif ' aller au de la.' dc ce prmetpe foadamcntal de ■ 
tome fcience^ tmc-'bpn'ne iogiqbe 5 etdecc' prefervatif centre Ma 
da connoiffance.de la foibleffe eJe nos organ, es'Ct de notre inteHigciice^: , 

JVfaisil,, ffeft pas toOjours poffible de .tracer par tous Icurs points>"'ie^'.dbnffies 
, qne'''d&rivent 'ies ffiites des'phenotoenes correfpondants;^ et Fon elhibutentreduit 
a lb epntehterdb; regafficr co-mme' propdrtidn0ets'dads;tdtts^fe&;dpgres 
"di k rapport's '' 'C’eih 

mb;;:ex|>£drent oa"eft".l'e pins Ibntdilt dans' la '^ratiqtiej pour, 

’ceippiiqner fans' avantage.. . , Ainfi'dans le Penduki, comme d^i^mois 
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for inftance, in the pendulum and in my Hygrometer, if 
one would take notice of the different laws which fol- 
low, ill their dilatations by heat, the fubftances whofe ef- 
fedls one means to compenfate the one by the other, be- 
fides the difficulty of finding thefe laws, the application 
might perhaps throw us into mechanical complications, 
that would deftroy all the exacanefs we want to pro- 
duce by thefe means. 

In general, the fixing of laws is fcarce ever the firfi: 
ftep taken in new difcoveries. One begins by eftablilliing 
by experiment fome fundamental relations, and one con- 
fider afterwards the correfponding points of the pheno- 
mena as being proportional, till be degrees, overcoming 

to grow familiar with what 
• one ufed to look upon before as great flrides ; and one 

perceives 


Hygrometre, fi I’dn voplok avoir egard aux diffcrentcs loix qtie fuivcntdans 
leurs dilatations par la chaleur, les maticres dont on dierche a compcnfcr les 
cffets les uns par Jes autresj outre la difficulte de cl&ouvrir ces loix, on fo jctteroit 
peut-etre dansdcs coHiplications m&aniques, qui detruiroient route l’exad;itudc 
qu’on vouloit chetclier par ce moyen, 

En general, dans toutes les notivellcs d&ouvertes, les pi-emlers pas font rare- 
nient des fixations de Ldix. On dtablit quelque rapports fondanicntaux par Tex- 
pericnce, et I’on regarde Jes autres points correlpondaqs des plienomenes, commc 
proportionnels a ceux la; jufqu’a cc qne, furmontant par degre les obftacles, on 
fait parveiia ^ fe familliarifcr avec ce qn’on regardoit d’abprd cotncnc dp grands 
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perceives that there are greater fleps that may and ought 
to be made. 

It is ufeful, therefore, to conlider in what manner one 
might with fome fafety mark out thefe firft fketches of 
the laws of Nature, by finding the particular relations of 
the co-effedts which might be applied with leaft error to 
proportional fcales. It will be contributing to bring for- 
ward the moment in which, feeing clearer into the na- 
ture of things, and having learnt to diftinguifh real 
knowledge from what has only the appearance of it, we 
ihall be led to feek for exaftnefs in every thing. 

A prac- 


pas, et a fentir qu’il faut et qu’on peut allerplus loin^ 

II jefl done ayantageux de confiderer, comment on pmirroit tracer avec qiiejquc 
fnrete ces premieres efquiiTes des Loix de la Nature, en trouvant les rapports parti- 
callers des co-eJfiets qui s’appliqueroient avec le moins d’erreur a cles &helles 
proportionnelles, Ce fera accelerer le moment, ou, voyant plus ckir dans la 
nature des chofes, et diftinguant bien les connoiffances reellcs, d’avec ce qui n’en 
a quo Fappareace, nous nous fentirons conduits a cliercher rexa&itudc par^ 
■tout. ' ' , 
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J pratlkal metbod of approxlmaiion in the determination 
of the co-^ef'eih of the fame caufes. 

It has been th€f|glit hitherto, that in order to icffeii 
the efFeds of the, errors which are unavoidable in obfer- 
vations and experiments, one ought to look for the rela- 
tions of the co-ej 0 fe 6 ts at the greateft poJiible diftanccs; 
becaiife in that cafe the errors being divided upon a 
greater fpace, each feparate part is lefs afiedted by them. 
Thus, in order to find the relation of the dilatations of 
hrafs and fteel employed in the Pendulum, one would 
willipgly expofe thefe metals to an artificial congelation 
and to the heat of boiling oil, that, by meafuring greater 

lengthenings, 


, pnaii^ut Sapprmmaiion, dans la finaiion des rapports des co-tffets des memes 

■ taufes. ■ ■ 

On a imagine jufqu’ici, q-ue pottr dirainuer Ics effets clcs erreiirs inevitable* 
dans Jes obfervatiqns et les cjfp&iences, il falloit chcrdicr Ics rapports des co- 
cfFets auxplusgrandcsdiftances pofiblesfc parce que ccserreurs fe divifant fur un 
plus grand intervallc, ddviennent plus iijfenfibles fur chacune de fes parties. 
Ceft ainfi que pour trouver le rapport des dilatations da Icton et de I’acicr qu’on 
employe au Pendule, on expoferoit volontiers ces metaux a unc congelation arti- 
ficielle fct S la chakur dcl’lmiic bouillantc; afin quo pouyant mefurer de plus 
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lengthenings, the imperfedtion of the meafure might 
hecome iiifeiifible in the determination of their relation. 

This method is indeed very good to compare with 
each other effedts, the progreffions of which are propor- 
tioned; and one is right to make ufe of it whenever extent 
or weight is concerned. But it is often very deceitful in 
phyfics : for as the co-efFedls feldom go by proportional 
degrees, the more the obferved points of their relations 
are diilant, the more the deviations become confidei’able 
in the intermediate points, when they are conliclered as 
proportional to the whole. It is thus that two different 
curves, which cut each other in two points, deviate the 
more from each other in the fpace comprized between 
the two interfedfcions, the more diftant the points of in- 
terfedtion are from each other. Now the correfponclent 
points, taken by obfervation in two feries of phenomena 

which 


grands allongcmensj I’imperfetStion de la mefuredcvint infenfibic dans la fixation 
dc leur rapport,. 

Cette methodeferoit tres bonne pour comparer entr’eux des clFets qui anroient- 
des marches proportionnelles ; et on I’employe avec raifon quand il s’agit de 
due on des poids: mais elle efile plus' fouvent fort trompeufe cn Phyfique.;; €&r 
des qme les co«effets marchent rarement par degres proportionnels, plns lea joints 
obfetv& des rapports font diftans, plus les ecarts deviennent grands dans les 
points intermediaires, cn les regardant cqmme proportionnels au rapport total., 
C’eft ainfi que';deu3e;o;>urbeSjdifferentes qiiii.f® crOjfent ett'.'tlew* points, s’ecaitejatf 
d’autany plus Fund de rautre dans I’intervallc des deUx interfeSrions, que des- 
|KiRtdc reiwdti'd:font ;plus dioigno.sv' Or les points correfpondans pgr 
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which follow clifterent laws, are the interfe61:ions of the 
curves ; and the errors we make in the intermediate re- 
lations when we confider them as proportional, are 

t 

like the deviations -of the two curves in the interval of 
the inter fe<Stions. 

-The effed then intended to be produced by taking 
very diftant points of coraparifon being, in general, to 
■accumulate within the intervals of thefe points the de- 
viations of the laws which happen to be different; much 
will be gained,, in thofe cafes in which the laws them- 
felves cannot be difeovered, by feeking for points of 
comparifon within the leaft diftances that the particular 
obfervations, for which the phyfical meafures are in- 
will allow. ■ 

is thus that we have happened to have ufed for a long 
time Thermometers of quicklilver and fpirits of wine, 

in 

tion, de deuxfuices d« glieaomcnes qui fuivcntdcs loix diffirciite?, font les intcr- 
feaionsdecescourbes; ct les erreorsqu’on fait dans Ics rapports interni^diaires 
enles confident comme proportiopnels, font comme Ics ecarts dcs deux courbes 
dans rintervalle deSjjntcrfefliions^, , " 

L’efFct de |des po'iEits de coraparaifon fori iliftans,etant done cn general, 

d’accumuler*dansl’intCTvane de ecs points, i«s ecarts desLpix qui fetrouyent dif- 
ferentes, on gagnera beaucoup, dans fes cis ou Ton ne pcinrra pas decouvrir !es 
Loix elles-meines, a cherdier des points de coinparalfon dans les moindres 
diftances que puiflent com porter Ics obferVations tfkarticdjcresiaaxquelles on 
dcftincrales Mefures pliyliques. 

: -C’cfi: ainti qij«^I»r,^_lia|i^4! a,«u longtemi-, dcs : Thermqmcff<^-..de 

■'i ' mcrcure 
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in which the difference of the progreflions between thefe’ 
two liquids in their dilatations by heat was not obferved. 
Mr. DE REAUMUR’S Thermometer, one of the firft to 
whk h one endeavoured toaffign fixed points, was too dif- 
ficult in its conflrudtion for .each Thermometer to be 
immediately graduated ; .and indeed the author himfeif 
only ufed his method in making ftandards to which the 
Thermometers intended for common ufes were after- 
wards compared. Abbe nollet, his difqiple, who for 
a long time gave the ton for Thermometers in France 
apd in the Southern countries, followed his matter’s 
method. The only immediate point he marked ufioii 
his Thermometers was that of freezings and he com- 
pared .them afterwards in water of 30° of that fcale in 
which the real interval between freezing and boiling 
psmU ought to be divided into about 100°. Byj this me- 
thod. 


raerewe et d’efprk de via oii I’on ne reniaiquoit pas les differences de maiche cle 
c^^deujE Thwupmey^dcM' Dfe ftw des pietiuers 

o? ulctesite df dps point? ^t^«E|0|>;dpci'Ie a conftraiie, ^ 

etee graduB Au^ 

luHmSme n’empfoyoit.^ ^ Wqaek ilj ' ' ' ’ 

3C^ lea Tliq^^hres deiftiaes aux ufages 'dldina‘ws,, ^5 

■)sep4*-r, to ,taif>eadaGt long tepjs a dopne |s iio-. 


ii#0^ jcfitifoktit Knt^kille mt dc' K' 

*■ LSVm''' 




latio'fi a Feau 

i 



thod, and at tliat period in which natural philofophy 
was ftill very inaccurate, one did not obferve the dif- 
ference between the progreffions of fpirits of wine and 
quickfilver; and in fad it was eafy to miftak© them. I 
have fliewn it in fpeaking of thefe Thermometers, and I 
fhall have occafion to ftiew it more fully very foon. 

This donbtlefs was a defe6t, and a very confiderable 
one, whether we coiifider that the Thermometer is in- 
tended to indicate degrees of heat, both much larger and 
much fmaller than the interval between thefe 30'’; or 
that it is a moft capital inftmmentin natural phiiofophy, 
and as fuch may be ufed in experiments where the leaf! 
defeats may have fenfible confequences. For thefe 

t;his cafe, as an help for me to 
cxpijun what I propofe to lay upon other inftruments in 

which 


Paf cettti jnedioa^ *** 3aB» ^ ou la fhyfique fitoit encore fort pen exaMSti^ 

•n m remarquoit pas la. diSer&tice de* marches du mercure et de I’efprit de vin, 
& I’on pouvttit cm riSfet Je fai moiitr^ en traitant de ces Ther*. 

inometres, ct Af^|ifkj^^ali6reinei),t bientdt. * 

Cetoitla IhnS !• 

Thermometre eft defesi 111 jl^is'dccbi^Brbien pirns grands <3: 

bred iiwndres qnc fintervalle% Ccs ^c/*} foit parce que e’eft an ioftrumen* 
fondan«i^l en Pfayfiqut^ qui pent ^re employe i des ^plricnces od le njoindre, 

'eas, poor i|kV?i:|diq|ct' 

* pw 


sa^&HtanrW^tffctsfcniiblcs, AulH ne 
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“Which a greater degree of exa€tneis would be either 
ufelefs or impoflible. 

Simple and evident as this principle fs^ yet, as it often 
happens that obvious ideas do not ftrike, even becaufe 
their being obvious gives them a trivial air, I will 
ftrengthen this by ufeful examples, and one oflfers itfelf 
to which I have been led by the foregoing. 

Suppofe one wants to know the dilatations of ipirit of 
wine by heat, in order to have regard to it in eflaying the 
fpirituofity of vinous liquors, which is wont to be eftimated 
by their fpecific gravities; an article as every one knows 
of much confequence in the brandy trade, and which has 
likewife fome cohneilion with chemiftry : I fay, that one 
would make a conflderable error if, in order to deter- 
mine the relations of the dilatations of the brandy with 
the indications of the qvdi^'^ver Ifhej^mometer^^^w 

Ihould 


plus aifetncnt dans ce ^uc je me propofe dc dire fur ceux ou unc plus 

ismSktide fw>it ou '■ 

. Qwelqtie ct gm'c fbit regie, cemoie il arrive ^we«t que ^ 

ies ' idees'.iimples ne ’frapp&t p<|i^i:,.,'|5reeil5mcttt a cattfb de leer 
daniie uw air trivial, fb^tifierat par des exempks utiles, ^ 

un <?abard, auquel Ikxemple, precedent m*a conduit,. 






' *|e tb|ipofe,qukn|xbtillle eonii-rf'trc^lea dpatations 4^ , 

Icur, afid d\ avtoi/ Igard de vi 


la cha^ 
¥inciifc|| 




«fltinee ^ 

des eati't ifef ' fet l4leiWb^ 

' ^|ioted^te»«imer k iiap^iort 4^# dEatatioirs dc Pelprk 

du ^Ircrmomctredc 


.imi 




iiV' 



pirature 



^-oo E LUC on ^ ^ 

fliould afterwards mark the temperature of this liquor, 
one was to take terms very diftaiit fi'bm each other, as for 
inftance the freezing and boiling points; whilft on the 
other hand, by keeping within the temperatures in. 
which the trials flaould be made, one would come fo near 
die truth,. that- the differences woi^^ be imperceptible. 
This inffance,; in itfelf ufeful, being proper to be ap- 
plied to every cafe in which we wifli to compare with 
one another, qihylical effeas which depend upon the 
iam€ caufe,vthai3*wfe niaT^a^^^ judge of them alb. 

■' explanation ; of it.. '■ ■ ^ 

'^/I§;5|^:!:&pp;^ithat;^'the^ experiments intendeef 'to; eflay 

'liquors diftilled from 
wihe, by the fpecific gravities of them, are madd be- 
tween the temperatures Which anfwer to 32° and -Jr 7® 

, ■ ' ' ■ ' ' nf 


3tj<iview,on prenoit deaterroes fwt)dl65gne9,:;c<ja4nW:lat,c 
tion et I’eau bouillante* tandisqti’au conti:a.lr%; en fe lenfermaM danrt 
peratttfesptj^ left f4ite% on. approchcrort fi' 'fort.de'Ia verite, .que. 

W diJfejtnecs fabt«p4 

Cet exenlpli.^^^tete 9 ^W'Micme, et p<>OT,an*‘4t!!«!:apprtq«6 i 

tQute forte de cas‘o^^<m pbyfiqnes depeaijfcn:ts..jf«ne 

ni#me caufe, poux jngef '^f- feul, je’ m’y afindi! le 

J« i%j^erai>quc les experignwft deftiode* &eprq*M*er.,Ie»<ie^st cjl 
«res;divcr?e8|^fTO'dp#idft^ ^dcfifse,' ft 
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of FAHRENHEIT’S Thofmometer, as this takes in all the 
ordinary cafes. TThe queftion % to ekamine which is the 
moft cohVenient method of introdiicmg into this 
hire an equation for the differences of the heat; an 
equation I mean which does not oecafion ufeiefs difficul- 
ties. 

- Thefc temperatures and 77° upon FAhRENHirT’s 
Thermometer, correfpond with Of and ao° upon the fcale 
of which I have hitherto fpoken, in which the boiling 
point is at 80® and the freezing at o. t fhih’fpeak of 
this fcale, hecaufe it is the 6ne.I imde uf® of in my ext- 
periments on the progreffions of liquors diffilled from 
wine in their dilatations byheah and Of w^ppl- ’lfhave 
given amaccoiinf inniy trorkiiabovementioiied^'^^. 

' Yoi. I. p. 326. 

' • ‘ hfuppofe 


atENHW-Tj ce qtii renfermera, tous les ea& oidisiaires, II s’agw done d’exsmaner 
qjBclle few Ja mute la plus convenal^, pour introduire dans cettc mefure unfc 
€^OTAioq> ptwtr l«s diff^iKjes de la chaleurj equation' qni n’ocaaiione pas de trop 
^fq»j^s4i|icult&, faBSUSil(l&4atwJ»(pJpt*^»®>* i , - 

i;!es tet^eratuses 75%° 

dqnt,af et 20° fifj; J’^qljpllB dontj’aipadejal^’icijnn I’eau et* 

' J’qmplpj^iai t^ffloorp '^ette ^ljel}el pa^iSe^i|l^<3^6ft celle 
dont me fuis farvi dans les expenemces que j’ai faites a^-t^i^ iparelip 


^Q^ Mr. Djs^ LUC Off 

I fuppofe that, according to the ufual method, 
feeking for the dilatations of the fpirituons liquor by 
great differences of heat, one was to compare its bulk 
in ice that melts and in boiling water, and that not know- 
ing, or not regarding, the different progreffions of thk 
liquor and quickfilver in their refpe<5tive dilatations, 
nor the which the difference of fpirituofity pro- 

duces in this refpedt, one fliould confider thefe progref- 
fions as proportional. Here are the deviations one would 
be expofed to in the limits of the temperatures to which 
the rule fhouW he applied, I mfean between o and ao". 

The jnmabers which are placed in the two columns of 
the fpilllpous liquors indicate the proportions of the 
fhWvhulks by the temperatures indi- 
cated ml qrfickfilver Theraiometer. I have given to 
the total fcale of thefe proportions the fame number 

of 


Ill 

*|#fii|)pofeitfilibotd«|»cfmvant fufage ovdinaire-, efeepclianc Iw dilatations dd 
ta liqoociir f^rituettfe pat do gtandes differences de cbalcur, on cotnpar^t 
VolinamAins la ^ssse^tdifisad «t dans l*eau booillante; et qn’ignorant oo nlgU* 
geant ladlfflteiice nfe raato^w de*fi«tc liqaeut et du mercuie dans Icurs dilata- 
tions, »eme a cct egard la difference de fpiritoofitd, 

on voicx les i^atts dans IcfqHels 

«n foHtbcroit, «laB» lei* mtBOftI dw l«ils|Wtttrea oi. appliqqcroit la rdgle; 
«*«fl 3 dire de o a ad*. 

Lei^l^hrcs places daaa lea dew colortnes des KqwmMljxirimedle#, iiiar<|t«!lrt 
Ics rapport».d|e;_licurs awgmcntadtm# 

le I* idro «id c«* #iip|H3its 1« 
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of equal parts as to the Thermometer, in the fame inter- 
val of temperature, in order that their differences within 
this interval may be vifible without calculation* 

Quickfilver Therm. Spirit of wine which 

fires gunpowder. 

Brandy, of a parts 
fiegra ^ind 3 of thb 
fpixit of win#. 

8o 

80 

80 

20 

i6,s 

15,9 

IS 

12,2 

1 1,8 

lO 

7»9 

7>7 

5 

3>9 

3,8 

o 

0 

0 


One fees wliat deviations in general arife from tjie 
^fiance of the points of comparifon w’hen one comes tn 

apply 


tEteme dc parties %ales qtf a celle dix Thermomette dans le meme Inter* 

wile de temperature, afin qne lc$ difFereaoes en dedans de cet intervaile s’apper* 
^oivent a Foci! fans calcuf • 


So 

aa 


$ ^ ^ ^ 
4 m f,'- 


3 E^it de vjh tak 


i pj>udrc. 


V ! 


8o 

» • » » 

7 f 9 

I# 

o' !, 


3B»u deMt £kitxi de % parties ek fiegma, 
fiar 3 parcies de<iet d*pwt rh* 

6 o 1-1 

*5>9 fr ' n 
■I 


■<|#iroit.qpcjb Icai* «l |g&^^ de ditanc^ im p<wt| 

4 ^'!' ” I, 
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apply tlafim to the temperamres in which one precifcly 
wants the moft exasSt proportions. One like wife may 
fee that the difference of fpirituohty only, occafions very 
fenhhle ones in the progixHions of the two fpiritiioxis 
liquors, and that confequently one would commit a dou- 
ble error, if one were to confider the intermediate rela- 
tions as proportional to the total relation, eftabliflied 
between qiiickfilver and one qf thefe liquors, only by 
ohfervations made in very different temperatures. 

If, on the contrary, the fundamental experiments had 
been madq ^t the probable limits of the ohfervations, 
that is at o and at ao° of the Thermometer, having then 
t||r^ thefe two temperature^, of t]ie 

whi9J3t%vqd ^Of.the experiment, there 
wqpjld be only tliefe fmall deviations, expreffed by the 

comparifon 


- - - - - - - — ^ - 

kt 1 

Taifon, (joaad on, vient d Ics appliquer atix tetnplratwef <»il l*oa awit befoia 
preciKmeni des rigpons les plus exads. On volt anflG que la dilTercnce fenie do 
fpiris^|i({4 feta fin trh fenftblcs dans la marchc des 3bux I!qociih fpi* 
ritueufesj et quo |^|u: conf^quent ont ttwnberok dotiblement daqs I’cncur, en 
regardant Ces intontnediaires ccwiune proportionnels aji .rappoit total, 

^ctabli entre tt'nait feole ces liquents par des obfervations d de 

grandes diffSrerAi fie teapetataw. ^ 

Si au contrair® fin eiit fait les explrieta^ss fondamentales aux Iwiftes probables 
des eWfer^tions, nfefta dire d o et a acjf j}n Thermometre; ay^t alors la dila- 
tation ^Itt, entrO’ ces denx tempcratweiiit de Ja liqaettr fpiritnoafe qui cdt fcrini 

‘ ' Jiojntees 
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comparifon of the following numbers, in wliich the total 
dilatation of the Ipirituous liquors is again divided into 
the fame number of equal parts with that of the quick- 
filver in the Thermometer. 


Therm. 

Dilat. of fplrit of wiac. 

Dilat. of bratidy. 

20 

20 

20 

IS 

14,8 

14,8 

lO 

9,6 

9,7 

s 

4,7 

4,8 

o 

o 

0 


The feries of niunbers which exprefs the dilatations of 
the two fpiriUious liquors remain in the fame proportions 
as in the firft cafe, and confequently this is always the re~ 
fult of the experiment. But thefe proportions come al- 
ready 

nombres fuivans, ou Is. dilatation totals des liqueurs fpiritueufes eft encore di- 
vifdo en un meme nombre cle parties egales, que cellc du mercuie dans Ic 1 licr- 
imometre, 


Thetes 

pjJat. d# refpnt d« vln. 

Dilat, de I’eau ie w. 

ao 

20 

20 

IS 

14,8 

34,8 

to 

9,6 

9,7 

s, 

4,7 

4.8 

: ' 0 ’ 

0 

0 


Les fuke? des nd^ljres , qui esprimenl les dilat^<i#fe, 
ritueqfes refte'at dans rapports qwe dans pf} et par 

orient e’eft tofljonrs le refulcsti de CependnjUt ces 

l:youLXViii. ' P’pp 


gQ6 ■ 

ready fo near to the progreffioii of the qriickfilver ■Ther- 
mometer itfelf, that the efFea of the diiFerenccs of the 
fpiritiiofity almott entirely vaniOies; fo that there would 
be little error in talking as proportional to tiie total aug- 
mentation of hulk at ao'’ of a certain Ikpior diftilled 


from the intermediate dilat^^^^ of every other 

hqtibr of the lame kind. 

It is poffible, however, ftill to leffen thefe errors, with- 
out having more than two terms of comparifonhy ex- 
perience, by taking thefo terms within the limits of the 

probable obfervations, and that for fWo reafons. The 
firft, that the more numerous obfervationkwrll probably 


where true proportions, have 
y ‘ The other, that the greateft 
e lelfened, by throwing part of 
the errors beyond the two real points of comparifon, in 

order 


he made nearer the points 


deviation will be ftill mor 


fi pres a-e U Hiorciie da Thermonletre mfime, gae I’effet dcs difKfences de fph 
. ritacjfite s’dvanouit prefqae eptisrement ; ;ct^ qu’il y auroit peu d’erredr, a regarder 
comme’prap'ortiisnneUe de volume a ao**".d'uae ceitainc. 

liqueur 'aa^ ; interm^diares-de toute, ftutre liqueur. 

du'mtoe ■'■"'■,■ 

■ On peut cependkfit dimittiiei>’dtici^W oil^ww, < 6.115 avoir plui dedfeux temeS' 
dedkiiiparaifon.par rexpdriefice, cn'prenalt cestermesen dedans m&ne'des'limit<a.' 
des dlifeTOtions probables; ct cela par deux cemfld^ration*'. • La prtoipre que lc» 
obfervatidlM 19 s plus nombreulfes fe troavwnt probablemettt |dus pris de^vrab' 
■■Mpports fixds gifitod 'fclift! dimiweraoncore, 



tii' 
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order to leilen the accumulation of them within thefe 
points. 

If, for inftance, inftead of obferving from o to 20° 
the increafe of the bulk of the fpiritaous liquor which 
is to ferve as a rule, one obferves it from 5° to 15°, one 
will have the following proportions, in which the pro- 
greliion of the two liquors ftill continue within their real 
proportions, as I fliall fhew in the fequel. 


Therm. 

Dilat. of the fphits of wine. 

Dilat. of 1 

20 


20,1 

IS 

^5 

IS 

10 

9,8 

9>9 

s 

5 

5 

0 

Oj 3 

Oj 3 


It 


oa rejettant une partie des erreurs aa dela dcs deux points r6els de comparaifon, 
pour en diminuer Faccumulation entre ces points. 

Si par exemple, au lieu d’obferver de o a 20° raugmeatation de volume de la 
liqueur fpiritueufe qui doit fervid de regie, on I’obferve de 5“ & 15", on aura le* 
rapports fuivans, oil les marches dcs deux liqueurs reftent encore dansleuis pro- 
portaons r^elfcs, oe que Je montrerai dans k fuite. 

Therm. DjUt.del’cfpntde vm. UiUt.de I’m deyif. 
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It is evident then, that there is no longer any fenlible 
error arifing from the differences of fpirituofity, which 
is already a capital advantage in the cafe propofed as an 
example; in which, fincewhat one wants to know is the 
degree of fpirituofity of a liquor, one cannot fuppofe it 
known before hand, in order to have regard to it in 
feekiiig for it. One likewife fees in general, that there is 
fcarce any error to apprehend, even in conlidcring the 
augmentation of the bulk of thefe liquors, or the dimi- 
nution of their fpecific gravities, as being proportional to 
the indication of the quicklilver Thermometer. 

Here is then tne method in which,, according to this 
principle, I would conftrudt the comparative Areometer^ 
that a& one as might be made the feme every 

where. I chufe this example becaufe it will afford me 
other applications of the general rule. 

ProjeB 


On voit done gu’il n’y a plus d’erreur fenfible refultante des diffirences de 
d’eft* tin avantage capital dans le cas propofd pour elcem- 

ple, oil, clifetetot & Te degrd dd jfpirituofite d’une liqueur, on nc peut 

pas la fupperffer dV<*ce petar y avoir %ard en la meforant. On voit aulE en 
general, qu’il t efaiftdre, m£me en regardant l*aug>. 

mentation de volume 'Se ols ’dsfeti' diminution de pelanteur l^cifique, 
eomme proportionnclles a I’indlcatidn du Thennometre de merenre. 

Voici dfapres ce principc, comment je conftruirois-rAreometre ctPpwaMej 
e’eft-a-dire ^ui qu’on pourroit faire de mdroepattoiit. Je choifis cet eXMnpI&i 


parcc qu’il mc : 
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ProjeSI of a comparable Areometer^ 

I would ufe an Areometer of the moft common con- 
ftru6lion''-''^. It is an inftrument nearly relembling the 
glafs of a Thermometer; that is, a tube with a hollow 
ball at one end. The property of this inftrument is, that 
it iinks the deeper into liquids, the more their fpecific 
gravity decreafe. But that it may become a common 
meafure of this fpecific gravity, certain fixed points and 
determined degrees mufi: be afcertaiiied upon it. 

I would make this Areometer of glafs, as being the 
fiibftance which undergoes the leaft change of bulk by’ 
heat, and the changes of which are the mofi; regular, at 

(f) See fig. 3. and its explanation. 

leaft 


Mil ^un Areorntre cemparahk, 

J’etoploierols la forme d’Areometre qai eft la plus commune Ceftun 
inftrument I peu pres femblable an verre d’un Tbermometre,, e’eft a dire com- 
pofe d’one boule creufe, et d'un tubef-qui Idi^eft joint. La propriete dc cet ii^ru— 
ment eft de s’enfoncer d'antant plus dans les liquides, que leur pefanteto fpeci- 


fique eft moindre, Mais pour qu’il devienne une mefure conamune pc“ 

fantdar fpecife^e,' il &ut qti’il alt des points fixes et des digf€s d&^irieS. 

- Je le ferois de^veuce j' wime dtant la ipatierc qui,^|Eon|||fe^i|Sj_de change- 
jacM danSli»:¥6dij«QS.-p«rla tbalcur,, et dom 
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leaft of all the fubftaiices which are not afieded by hu- 
midity. I would always ufe flint-glafs, that its changes 
An this refpedt might be more uniform in all the Areo- 
meters. 

Its ball ihould be one inch and an half in dia- 
metery.andhbei'O Ihquld be at the bottom of it a little 
boliow cylinder, which ilrould communicate with it, and 
.^contain the ba;ilaft, in order that it might be able to keep 
mpright, at the other end, a branch fo much the longer ; 
Tyhich wifi be eafily undei’ftood. This ball fliould not be 
very thicl&j any more than the branch on which 

;|ts divifions Ihould be marked. The different thicknefles 
ht^neh, that is, its different external diameterSj. 

of the inftrument. 

The lefs the diameter win be, the more will the Areome- 
ter 



IbA'I Ics jmtieroS'que pas. Ce verre^ feroit 
tofijours fliiitrglafij afin que chaDgcmensi cct £g^rd futTent plus uniforme# 


’’Jfe do&neruJs *t0 -periBSe et-;deoii,.,de,,'diametre! ;et' die 

fond un'|!*B#‘^lit«irtJ'W«xq^ull totemUniqueroit ■ »vcc ell®,' et.TeSnforwiwcat 'fo’ 
y]eft;-af5n liteut, a« cdt6'Opp6lS, ;TOc teffliste'.d’au.tai^ 

jilns longue; ' 

■que le tube fuperieur, pu’ la bfawfte tW' feBjiBell® Ics dmfrons devttMcnt fetre mar- 
qiMl Les diffirentes'Spaiffeurs de'cette bnancij®,: ',e'®fl:''ldiwf<sS'dij®S»nsdia- 
'^mdrcs! Htf^rienrs, feiont ks dii^renixsfoAfibslM^l’tttesD^^ idM fon diai-- 
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ter link by ai augmentation of the fpirituolity of 

the liquor. 

Unlefs tbe branch Le |jcrre6tiy cylindrical, the mea- 
fiire would be irregular. It may be a thin brafs tube lil- 
vered over, or a fiivcr tube, cemented to the ball of glafs. 
Such metal tubes are eaiily drawn through holes as 
wires; fo that one might be fare to have them cylindri- 
cal. The dilatation of th-at lube by heat, belides that it 
is too inconliderable to be taken notice of, would com- 
bme itfelf with that of the liquor, of which I lhall fpe'ak 
hereafter. 

I would ballaft the inftrument with quick lilver, in or- 
der to have it always ftand upright in the fame manner; 
and of this I would put in fuch a quantity that the moft 
fpirituous liquor, being heated as much as it can be in 

the 


nsetre fera petit, plus I'Arfonaetre s’cnfoncera pour une meme augmentation dc 
ipirituofite de la liqueur. 

Cette branebe devroit fetre parfaitetnent cylindrique; fans quoi elle intro- 
duiroit de I’inegularite dans la Epijsfure, On pouna la faire d’une tubede cujvre 
argeAts Qu d’argent, fort witwieSis 1? boulq. On fait fort bietti ces 

petits tuyaux de m£tal i la filicre ^ feiAit ffindfe les avoir cyllndMffeif k 

quanta i’efet qp’y produiroit la cbaleur, jl pent etre comptc pour jO^ail- 
aytte celui que produka cefte^caufe fuy^,rfque:^,kdQnt je 

. Je de*l 

^^a mime otaAierAf fipifo <fiaMit4 ^ u kiaeur^] 

£diaafife aa|taiit. dans icsexpMew 



I iJf 
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Sia 

the experiments, may let the Areometer fink nearly t*; 
the top of its branch, 'fliis branch flionld at the fame 
time be long enough that the lefs fpirituous liquors, 
wine for inftance, reduced to congelation, may let a fmall 
part of it be immerfed. 

The inftrument being thus prepared, I would take 
fome weak fpirit of wine dilated with one part of 
water on fix parts of fpirits of wine which fires gun- 
powder or linen which is fteeped in. I would then 
determine the fpecific gravity of this Ipirit of wine at 
the temperature of lo'’ upon my Thermometer, or 54°^ 
of faheenheit’s, by means of a very nice hydroftatical 
balance. This liquor, undetermined at firft, and which I 
l^'oaly Weak fpirit of wine, on account of the in- 
termlnatidn of the fpirit which burns linen, will be de- 
termined as foon ns a firft Areometer fliall have been 

conftrudted 

' ■‘ i m ii iimi<i i ir ii i ii if'i i t ii ! i v"V'^'--‘^--i 'T— T- ' I to... ...I t- ii in-Tr' i - 

fojiosr rAr&aittre jufques prh luut dc fa bratiche } qui devroit ctre en mcme 
teitis affezi longue, pour qua h Jiquour la inoins le via par exempic, 

leduit ^ la congelation, en lallste brnhia enfoh^ unc petite panic. 

L’iftllrument ainfi pieparf, je prcttdrodit un cl|irit de vin foible, compofe d’l 
prfcie d’clpwt de via iquji bruk la pemdre, ou qui enflainme Ic 

^^dpn® il f dfanteur l|tccifiqtie de cet efpt it 

de ffioa Theroioinitre, OU54I® 
de k cetf:e dtettninatiott tiae balance 

liydro:^ti|ft^ilfe^^ iisd^eflftlufSe,. etqwefap^ 

yin qui birulc le iM f ttekif Arldtofetrt 

* ' ' Iff EW? 
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conftmfted on this plan. It will be then a fpirit of wine, 
whiGh, in the aforefaid temperature, being eiTayed by 
the hydroftatic balance, will weigh fo much a cube 
foot ! and every inftrument-maker, who {liail undertake 
to conftru(d; fuch Areometers, will be obliged to begin by 
compoling this fixed liquor by the help of the hydiu- 
ftatic balance, in order to conftmdt his ftandard. And 
indeed all I have farther to fay upon the conftrudlion 
of the fcale of this inftrument, relates merely to a fian- 
dard, to which the Areometers in ufe may be compared 
in order to form a fcale. • 

For this purpofe they may be dipped fucceffively in 
two liquids of very different fpecific gravities, and fuch that 
the ftandard may indicate thofe fpecific weights by w^ble 
numbers of degrees, the diflPerence of which may admit 
of a divifion into aliquot parts: it will be very eafy fo to 

modify 


par cette inethode; ce fera dc I’eiprit dc vin, etant a la teiBpeiatrsre fii(- 
dite, et eprouve a la balance hydroftatique, pefera tant par pied cube. Dcs lors 
tout faifeur d’inffcnjtnens qui voudra conftruire originalement des Arepmetresj 
devta premiSrement compofer cette liqueur, par I’epreuve de la balance hydrO" 
ffiatique, pouir coirilruire fou etilon. Car' tout ce qui fuit ne'r6gard^&>lUs«c* 
effet qu’tni dtalon, auquel les Ar&metres d’ufage feront fimplOMOnt cOxt^l'es 
pOin:>f0fme!i?kur'echellfe' ■ ' ^ 

A*' cet effit cm fe laettita' fucceffivement enfemble dans deux liqueurs de pefan^ 
teur lp£cifique fort differentes, cttdUes qoe’i'ilbaSjft^fliqtrc ccs pefanteurs fp&i-' 
fiqties pax des'noinbreS entiets d© de^ds, doMla'idiiSreufce foit fufoptiblewtre 
dtvi'ffie en piirties aliquote" ' de'conspofer ces deuxiIi^tWW 

. voi-.'Lxvni.', ' *Q.<iq ' , 
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;S-I4 

modify thofe two liquids by mixtures. And when ti\e 
two points at which the intended Areometer ftands in 
the two liquors, fhall be marked upon it, the interval 
between them may be divided into the number of degrees 
indicated by the ftandard. Here the tw^o points of com- 
parifoii cannot be too diftant from each other, at leaft if 
the tubes of the two compared Areometers are cylindri- 
cal; for then their intermediate immerfions will always 
be proportionate to the obferved imraerlions. I point out 
tills, in order to give an example of the inftances in 
which the confiderations, that are the obje<5t of this partj 
do not take place. It is the fame as that in which Ther- 
mometers made of the fame liquid are divided by com- 

,,,, 

I return to the ftandard Areometer. I would dip 
k into this known fpirit of wine, whilft it is at 

the 


des'mfitoges ; et on -aura marque fur rArfometre a conftruire les deux 

points oil irfe fera tenu dans les deux liqueurs, on en divifera I’intcrvalle dans le 
meme nombre dc degr^s indiqud par- I’^ulon. Id les deux points de comparaifon 
ne fauroient Stoe irdp difians Fun ds I’autre j fi du molns les tubes des deux Areo- 
metres compares font: tylindrfqp^^ leurs enfoncemens intermediares, 

'■ 'feront tofljours prbjfib|^b|ltKls^4l^ie^yc^^ , Je le fais remarquer 

■pour dpnner tin exeBapfe’'aCs:.,daa^'ofi''•Ibi'?i|lpBi^d9ta^ qut font' I’objet deuette.. 
; partie- tfont pas Keu. C’eft le meine que cel«i ou I’on diyife par comparaifon 
des Tbermiometres faits d’an metne liquide, . 

Je xevictis 4 1’Areometre ^talon, Jele plongeroia dans,cet efprit de yinyq«|»Sfe 
‘fandis qu’ii feroit a la temperature , i^ej et^je jnarquoxois avecun fil fur fit, 

' i', ' ;T'-' bltindl^ 
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the fixed temperature, and would mark upon its branch, 
with a thread, the point to which it. finks : afterwards I 
would mix three parts o.f water with feven parts of 
this fame fpirit of wine, to make a fort of brandy ftronger 
than the common ; it w^ould be the three-fiftbs of '.Lan- 
guedoc, which confifts of two parts water and three- 
parts fpirit of wine that fires gun-powder. I would again 
dip the Areometer into it, at the fame temperature, and 
would likewife niark this new point with a thread. 

One may fee that, according to the principle I have 
above eftablifhed, I take points of comparifon which are 
within the limits of the greateft and fmalleft fpirituolity 
of the liquors to tie tried, in order to obtain a fcale of 
equal parts, free from any fenfible error: and in this cafe 
that precaution is very neceflary ; for the degrees of fpi- 
rituolity 



branclie, le point ou il s’cnfonceroit- Puis je melerois a 7 parties de cet efprit 
de vin, 3 parties d’eau, pour en faire une eau de vie plus forte que Teau de vicr 
commune; cc feroit le trm quints de Languedoc, qui doitetre 2 parties d’eau 
fur s parties d’efprit de vin qui brulc la poudre. J’y plongerois de nouveau 
rArdomhre dans la lUeme temperature, et je marquerois auffi ce nouveau point, 
par un fil. ' , ■ , ^ \ 

On voit que luivant le principe que j’ai etaWi ci-devant, je prends des points, 
de comparaifdn en dedans de la pks grande et de la moindre fpirituofite des 
Uqueurs qu’on eprou-vera, pour obtenir une echelle , en pSfties e^ksi fans erreur 
fenfiWe : et cela el| blen neceffaire H ; cm f^ita^td ne fpiy 4 “* 
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rituofity do not follow thofe of fpecific gravity, as I fliall 

explain hereafter. 

The points thus indicated upon the branch, haying 
determined principles, will be the fixed points of the 
Areometer. The interval between them fliall be divided 
into 30 equal parts, each of which will reprefcnt ~th of 
the total effed of the added water upon the fpecific gra- 
vity of the liquor. The fequel will fliew, that it is 
equally for the conveniency of trade, and of the work- 
man who fliall divide the fcale, that I have chofen this 
number. 

I fuppofe that the ftandard will be conftrudled in fuch 
a manner, that the difference of the finkings fliall be 
confiderable enough for this purpofe, which may be ob- 
tained by making the branch thin enough. One may . 
afterwards, if it be thought fit, for Areometers of com- 

' mon 


pas ceux 4 e pefantcur ip&Ifiqwe, coinme je Icdirsli ci-aprcs. 

Lcs points indiqnds ainfi for la branche, ayant des principes determines, feront" 
les points fixes de l’Ar6omStre. On cn divifera I’intervallc en 30 parties, qui feront 
des 30“" de I’eifet total de Fean ajout^, for la pefanteur fpecifiquc de la liquerir. 
On verra dans la foito qae o’eft aytant poar.la coramoditc du commerce, que pour 
cell© de I’ouvrier qur divifora' I’lcbbjic^ quelisti cboifi ce nombre de parties. 

je foppofeque Ton confiruira I'etalon de manicre que la difference d’enfonce- 
inent foit affez grande pour cet effet j ce qu’on pent obtenir en faifant la bfanche 
alfez mince. On pourra enfoite fi Fon vent, poflr les Ar^bmhres dfofat^^ pqn 
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mon life, and in which it is not neceffary that the branch 
ftioiild be fo long, divide the fundamental interval into 
1 5 parts, which will then be double degrees. 

Having in this manner fixed points and determined 
degrees upon the Areometer, the next thing is to chufe a 
convenient place for the o of its fcale ; and the bell will 
be that by which ail the effays of the liquors lhall be ex- 
prefied with the fame fign. To effedfc this, one may take 
one of the wines of which brandy is mofi: commonly 
made, and, reducing it to the temperature of water in ice, 
dip the Areometer in it, obferving how much higher it 
will ftaiid than the inferior fixed pohrt. This excefs of 
emerfion, compared with the fundamental fcale, and re- 
duced to the neareft number of degrees which will be an 
aliquot part of it, will be a proportional quantity fixed 
for ever, which will be added to the fcale below the in-- 
. ■ ferior 


delicat, et ou Ton ne voudra pas la branclie fi longue,, divifer I’intervalle fonda-' 
mental en 15 parties, qni feront alors des doubles degres. 

Ayant ainfi dcs- point fixes et des degres determines. fur I’Ar&njttre, il faut 
choifir une place commode pour fon zero; etlemieux efl: dc lo placer de maniere 
quo toutes les ^rcuves d©s liqueurs puiffent. etre exprimecs avec le mhne 
Pour cet efFet on pourra prendre un des vins done on fait le plus .coianiuneifient : 
I’eau de vie, et le reduifant a la temperature de L’eau dans la glace, -y plonger I’Are^ 
omtee, obfervant decorabien il s’enfonccra dc moins que Ip poiafi fixe inferieur.- 
Cefurplus 4 *emerfioo,- compare k I’intervalle foadameatal, et r^duitvau nombre ' 
la'piua.procbain-de 'd^ris' qui fe.trouvcra unE’partie': aliqnoteAe’ cet inteiyaSife;*-; 
"Uetaiane q^aantitc.' fixefi pou| toujoujrsji. qu‘ii' .faudra ajo.uter a I'ecbclic 
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ferior fixed point, and determine the place of o. I fiip^- 
pofe, for inftancc, that this cxcefi; of emei'fioii liiouid be 
about 15°, or the half of the fuiid;xmeut;i], Icale: I would 
then fi.x it at this number; and in that cafe one fitoiild 
Goiiftantly add half the fundamental diflance below the 
inferior fixed point, and from thefe begin to count the 
degrees. I mean that the o would be at the bottom of 
the whole fcale, the inferior fixed point would be at 1 5°, 
the fuperior at 45°, and the fcale could be prolonged at 
the top as much as fhould be neceffary for the efiays of 
the moft fpirituous liquors. It is after this manner that 
the Q of Fahrenheit’s Thermometer is now deter“ 
mined; and that being placed at 32° below the inferior 
fixed point, the greater part of the obfervations are ex- 
prefTed upon it in pofitive degrees ; fo that it is only in. 
4£Xtraordinary cafes that they are affe<£fed with the minus 

fign. 


du poifjt fixe inferieur. Je fuppofe par cxcmple que ce furplus d’emerfion fe 
ftrouvat depths de 15®, ou dc la laoitie de I’cchelle fondamcntalle; je le fixerois. 
a ce nombre 5 e£ akifi j’ajouterois tpdjours une moitie de I’intervalle fondameijtal 
aa delTous da poiat fixe infefieur, pour commcncer de la a compter les degrea 
de I’echelle, Ainfi le o ferok tout au bas, le point fixe iaferieuif ferok 
a IS®; le point fixe lup€rieur S 4^ I'echelle ferok pnolong^e dans Ic 
haut autantqu’il ferok n&effaitc pouf foumir a I’cffai des liqueurs les plus 
fpiritueufes. C’eft ainfi que le zero du Thermometre de fahrenhbit eft 
si prefent determine, ct que fe trouvant ainfi placd a 3a® au deffous du point fixe 
inferieur, la majeure partie des obfervations y eft exprimee cn digres pofitifsj et 
4u’il faut des cal :fecfta(»di« qu’ellci foyent accoropagnees du fignt 

• . ' ■ . ■ ' '' '' 
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fign. It would be conveiiieut to pay a regard to this in 
all inftruments, when no other reafons interfere. 

I come now to the correction for the differences of the 
heat. I would take a liquor of mean fpiritnofity, as for 
inftance a mixture- of one part of water and feven parts of 
the Ipiiits of wine deterniined by the hydroftatic ba- 
lance.: into this liquor, reduced to the temperature of 45“ 
©f FAHRENHEIT, I would plunge the Areometer already 
graduated, and obferve the point to which it links-* I 
would afterwards heat the- liquor to 6 5°, and again;- ob- 
ferve the finking of the Areometer. One might likewife 
make ufe of the fcale of my Thermometer, and obferve 
the finkings at 5 and 1 5 of my degrees, which wotxld. 
€ome fenlibly to. the fame., 

This 

■ ' I B a POww w w I— . 

moins, II feroit commode d’awir. %ard.a cela dans tons, les infliramens, quand 
riead’allieurs ne s’y oppofe. . 

Je viens a la correftion pour les differences de la ctaleur. Trenant une liqueur, 
de fpirituofite mayenne,. comme par exerople Ic melange d’l partie d’eau a 
parties de I’efprit de vin fix6 par la balance hydroftatique, jc plongerois FAr^i- 
metre, deja gradu^, dans cette liqueur reduite'a la temperature de 45° d& i-AHi 
RENHEiT, e£ j’obfcrverois. le point ou il.s’enfonceroit: j’echaufierois cnffiitc la- 
liqueur S 65’, et j’y obferver’ois encore renfoncement de I’Ar&inetffi. JOnpbur- 
roit auffi, en employant I’echelle de mpn Thermon;ie)ir^'*b^bferverlts eafonce«- 
inens ij.et a 15 de mes degr6s, ceqplreyiendrbk S^nfiE^ittent aame^ ' 
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^ This obfervatioii being, made, one may conceive that 

it wonid be eafy to form a tabic in which on^e might ex- 
in degrees of the Areometer, the encci. of the 

S'ences of hc,t corrcfponcHog to each degree of one 
or other of the Thermometers, fotting out trom a iaed 
Tjoinf fince the effeft correipondent to caai t .gu 
the thermometer, tviU be looked uiron as proportionate 
« tilt which lhalllwe been found an the fundamental 

"luld prefer another method, which I have re- 
commended iu my work^^V becaufe I ha« J d o 
ereat ufe in praftice; that is, to make a paiticulai lea 

lot the Thermometer intended forthefe experiments, by 
chang-mg the number of the degrees contained between 


(^) Vol. I. p. 390* 


the 


Onte on q»>U toi. aiffi So fomoroner.bIo,San» 

® partu _a a celui au on aura trouve'daBs 1 ob*- 

ometre, ftra legatde comme propoitionnel a cemi qu ou 

fervation fondamentele. ^ 

e M ^parerre je I’ai trouv^ d’une tr'es grande commodity dans la pra- 
c’di de^ feireline echelle particuUere ponr le Thermomte cleftine | ces 
ciLves i nu changeant le nombre des degris xenferoa en^e fes 




pour 
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the fixed points, in order to eftablifli an eafy propor- 
tion between them, and the degrees of the Areometer, 
and that thus one might make the correction without, 
tables. It would be eafy, for inftance,to make the degrees* 
of the Thermometer anfwer to quarters of degrees of 
the Areometer ; for in that cafe, reckoning them from 
a fixed point, one would only have to correCt the ob- 
fervations made upon the Areometer, by a quarter of the 
number of degrees indicated upon the Thermometer, 
which feems to me very convenient: and as it is always 
eafier than to. fubtraCt, I would place the o of this 

ThermcJ^ter at the point of the greateft ordinary heat 
of the air, or about 24° of my Thermometer, and 86° of 
f ahreijSeit’s : for then, reckoning the degrees of the 
Thermometer downwards, one fhould only add them to 
the indication of the Areometer ; fihce the cooling of the 

liquor 

pour q'a’il8 eu0ent tin avec ceiix dc PAi'eometrc, et qu’on put 

ainfi/e palTer de isbles. T1 ferdit fort aife, par exemple, que les degr& du Tlier- 
momttre'correfpqnd'tffent a, de| quarts dc .degres.de'PArSonieye; et, aIors,,,leS ' 
comptant depuis an point fixe, on j/auroit qu’5. corriger I’obfervation faite fur 
I’Areometre, par Ife quart du nombre desdegres qu’indiqueroitleThermotnetre; 
ce qui me paroitroit fort cqiUBiode. Et comme it eft tofijoqrs pluft'^aMd^addi^ 
tionnei que de fonft'ijaitei^ jc placerois le 2 ;ero,de ce ThjertBonJettb.^a4 fomt de la 
pta. gtaod. diato. ...» 

•Thermometre en ^orcefidatit^; J^aud'tblt les ajoater iPlndication dfe 1’.^^^-' 

, Vot, LXVEI. ' ' "It r 1! . , 

’ " ' * ' • f ^ J L i % ’t ' { ‘ 
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liquor from this fixed point of temperature would leflen 
the effeil of the fpirituofity in the immediate indication 
of the Areometer, comparatively with what it fliould be 
found at this determined point. 

I have here alfo taken, for the comparifon of the indi- 
cation of the Thermometer with the denfity of the fame 
liquor difterently warmed, terms which are within the 
extremes of the common obfervations, becaufe here feve-- 
ral caufes are combined in the fame effect, i . The pro- 
greffion of the dilatations of fpiiituous liquids compara- 
tively to qukkfiiver. la. The different pFOgFei||ns of the 
liquids of different degrees of fpirituofity . 3* TlR: change- 
eff hulk of the infirimaent itfelf in liquors of differerit 
.'eehi'pefisfefeS'- ' ' ft'-, became thenmecefiary to avoid taking, 
the fundamental terms of caamparifon very wide of icach 

other, 



' Je r^froidiflcrowit.dcpwis ce poj.pt''fixe<le\tetti,plra!»r<s, dijuinucroit. 

iWct'de' ii fur I’indication immediate de VAriomixTCy cotnparative- 

inefit’ldc.'qu'dulajtrouveroit ice point determinp. ' ; , 

J’ai prls encore id. pour la comparaifon de rindication du Thermometre avee 
la denfite d*un6 dilEeremment chaude, des termes qui fe trouvent: 

en dedans des Atpltnw,'^®fei 5 ^#pja®'ordinaire 8 ; parccqu’ici plufieurs caufes 
fe combinent dans titt iLainarche des' dilatations des liqueurs 

fpiritueufes eomparatireriieui’ ab iilewj'tii^; de marche desliqueurs- 

de different degr^ de fpirituofui; 3 ®. Les changemeijs de volume de I’inftrument 


luimeftie daqs les liqueurs differeroment chaudes. . 11 falloit done Iviter de 
prendre les terme# fpadamentaux de cowpawiiroA'a une grande diflance, peUt 

' ‘ r-t-qr, ' ' ’ ■ ' ' dc 
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other, left the error arifing from confidering the immer- 
lions of the Areometer, occaftoned by the changes of 
temperature of the liquor, as being exa£lly proportionate 
to the indications of the Thermometer, fliould thereby 
be rendered fenftble. 

Every part of the Inftrument being thus determined, 
it will be eafy to eonftrudt it every where in an uniform 
■manner. Experiments will then be rnade, and the degree 
of fpirituolity which liquors in trade, under certain de- 
nominations, ought to have, will be fixed: fpirif of 
wmg, for inftance, brandy named tbr ee~f fibs in hzn- 
guedoc, that which is called proof of Holland^ or any 
other. Thefe points being known, as the ftandard of 
the precious metals fixed by the different States that coin 
money, there will then be eftablillied a proportionate 
value of the degrees of fpmtuoJity,fiwhicla. ftiould be 

found 


dft rendre fcnfiWe rerreuf qui refultera toujours de confiderer ies enfoncemens de 
rArdoiKBtre proveoans des variations de la chaleqr dc la liqueur, comaic' 

exaElefflent proportloiinds aux indications du TljeroioHietre. 

Toiites tes parties de rinftratncBt fent ainfi detennin^es, il fera aife de le con- 
ftruire 'partoilt' d^uiie rtotii^re 'unifornfresi ■ . (3n fera alors des experiences, 

Ifixera a certains point? de I’Areometre, le d%r6 de fpirituofite que devront avoiS 
hsliqdfdrs'idtcedddes dSns/le coTO mtaines denmwIiaikJns? Si 

vin, par example, l^em d^me tiompaee: troh ptinis cn,_,lUnguedop,, eclle qu’ort 
.ftOdtriie a fefreuvi. \dt HdianAn od; 

domAe ftfl botmoit Jes dmss des oiltatix pr&i^ax fixes pair Ics divers 
battjent raonoye, il s’dtabliraaillfi'aiie'valetn proportiOnneUe des M^rii 

S. r r a ^ 
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foond more or lefs than the expeaed degree, as there is 
a price for the karat of gold or denier of filver, by which 
the feller and buyer might always he able to do them- 
fclves juftice. For inftance, every degree lefs than the 
point fixed for the common fpirit of wine would be ^ 
to be made good by the vender, that is about i^_per cent. 
in the language of trade, and i per cent, only on brandy 
three-fitbs. 

When this Areometer ihould have come into general 
ufe, the Police of the places in which the trade of fpiri- 
tuous liquors is carried on, might take cognizance of it, 
and .keep the public ftandard of the Areometer, as they 
keep the ftandards of weights and meafbres. The infpec- 
trade wo^^ fixed modes of efiay- 

kig, and the public all the necefiary fecurity. 

There 



de pitta <111^6! moms quc le d^gre attendti; comme il y a un prix pour le 
de ivkct k de rargent:, par ou le vendcur et I’acheteur poun-ont 
toiljourafe fairs juftice. Par exemple, chaquc degre de raoins quc le, point fixe 
pour vi» feroitW i honifier par le vendcur, ou environ rl 

pour cent' en^:tc,Efid.,^:fMn»erc 5 ^^^ fculement fur !’««:* vk mis 

.quints. ■. ' " ' ' . ' 

: Quand cet Aredm^tre femi^'<Ies»nija’i»v«fage un pen general, la Police des 
l-ieftst ou fe fait le comrnetce des %ueu«,ipi#^ ponrroit cn prendre coa- 
■. noifiTance, et conferver I’etaloh public de I’Ardoinetre, corame elle tient cn dep 6 t 
ceux des oiefures et des poids. Les infpeEeurs pr^pofes auroient Mqf.ides 
•dpmuves fixes, et 1« Eqj)rjctoatf.J», cenitudc ndceffaire fur cet odjet, , ^ 
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There would be little advantage, with refpedl to exa6l- 
ijefs, in making of fpirit of wine the Thermometer in 
tended for thefe effays; though its variation would be 
more exactly conformable to the effedts of heat upon li- 
quors of the fame fpecies : for it has been feen how far, 
by the method I propofed, the differences vanifh.; and, 
on the contrary, there would be a lofs on two accounts : 
the one, that this Thermometer would he much lefs fen- 
iible than the quickfilver one; the other, that it is much 
more difficult to conftru 61 : it, when one wants to make it 
upon fixed principles, and this the rather as -good 
workmen have loft the habit of making them. 

One fees, moreover, that the fame Areometer may ( mu- 
tatis mutandis) be ufed to meafure the faltnefs of .water. 
Upon which I fhall only obferve, that the manner indi- 
cated of fixing the correction for the heat, would be ftill 

more 


■ II y auroit peu a gagaer pour Fexaftitude, a faire d’efprit de vin Ic Thermo^ 
metre deftioe.a ces eprenveSj^ 'qiioique fa marche fCit dans le fond plus.confomie 
mx offers dc la chalcnr for des liqueurs de ineme efpcce ; car on a vu a quel d%re 
la que je propofo,a fait.>difparoitre Ifes difFereocps,: et; il y auroit, a 

perdreau contraire a'de'tixigard^,.ifon,,que ce Tbenx:iomi^tre feroit'bien moiris' 
fenfible que ceiui de mercure, Tautre qu’il eft bien plus difficile a conftroirC;^ 
i'forfqa’on veut' k' faire for '/d-esyprincipes .certains,; d'autant .plus .que, ..Ie$ boas 
ouyrkrsqat perdas,l!iaahitude4k^^ 

'OB/¥oit au' refte que;vie'' merne inftrument pent employe a meforer 
la falure''’'-de ; Feau, mmintis .rnutmdh^ , .Smr^'qucii 
ment:, que,'la':xnamlte.'lhdiqiieMe fixer la correAion pour la 
-^4"autant plus ndeeffaire^ qu’iiy.a plus;de difference dans la marche e^sde k 

' '' ' ' - V, '■ ' \ ^ ^ 
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mote neceffary iu that cafe, as there is a ftill greater dif- 
ference ill the progreffions of the effe6ts of heat, between 
waters differently falted, than there is between liquors 
that have a different degree of fpirituofity ; as may be 
feen by the experiments upon this fubjedl which I have 
explailieci in itiy work 

Whatever approximation the method which I have 
applied to the conftruftion of the Areometer may give 
towards iildicating, by equally diftant degrees upon the 
inffrilment, equal differences of fpirituofity or faltnefs 
of the liquids into Which it is dipped; it will ftill be true 
that it will only fliew equal differences in the fpecific 

(h) Vol. I. p. 27i*~One may alfo fee, in the defcription of %. 3, the me- 

general the fpeci&c gravity of 

all li^mdsih^iThich itcan'link* 

gravity 


falecs, qdcntre tea liqtieiint' dilH'temmeiit 
le vote pkr les experiences 4|iie j’ai fapportles i cfe 

qhe fot^rnilTe la methode qm j^i’appliqaee % la 
flructloti' de poo'lr irtdi^jhearj par des dcgres ^galeiiieht 

llhftrttoeht, dk feiltMlci dc fpirituofit^: ou^de\iilhfc des 

liq^fdas dahs lef^i^els 6n te'plorrigfera^’ fahs'do'titej 

eiohtrefa cxa<9:eo:]ient qne de$ differences egaleltlhs fa'pc&nteiir fpedfiqnede tdif„ 


, fhj Tom r awffi dfifc^puikn 4« I® . 

pwr mcferer eh il %\itfmcm . : ' ‘ ' 


liqttide#! 
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gravity of the liquids, to -which the equal differences of 
aimefs or fpirituofity will not exaaiy anfwer. 

But the inftrument being coniiroaed upon fixed prin- 
ciples, one might afterwards feet for the true laws which 
the different intenfities of thefe caufes follow, when the 
changes in the fpecific gravity are equal between them;, 
as I have already done tfrom an idea of Mr. le sage's) 
for the real differences of heat coiTefpondant to degrees 

equally diftant upon the Thermometer"; a detesta- 
tion which would -be ufeful in the particular cafes m 
which the approximation given by the inftrtiment would: 

not be fu£6cient. . j • 

I have not yet executed this inffirument; nor indeed is. 
it neceffary that I Ihould undertake to do it, in a country 


I'j j Vol. If p- 285, 


where; 


» co-rpsndioa. fa aiffircs.. 

coniJwit f« 

■ f /it*frprences 4^ capfes , 

ftOrdsr W eiM-tv.* dfa pd-?nw{p«d- 

Lrrp^t “■». 

-i " TomlL p»»»5' 
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where fo many artifts will underftand me by this defcrip- 
tion, and may even fupply what I have omitted. And 
Ihould any one be delirons of undertaking it, 1 v inild 
willingly affift him by communicating to him fome 
ideas for the execution, which would have made this 
paper too long. 


Conclufion with ref peB to pbyfical meafures in general. 

Though the Areometer is ufeful in itfelf, the chief 
reafon of my dwelling upon it was to give an example 
pf the general rule I have before eftabliflied. 

three phyfical effects, the 
degrees of which are not proportionate to their apparent 
caules, and which are united under the appearance of one 

lingle 


prendre fur cette defcription, et de fuppleer mcrrie S Ce qde je pOOrrois avoir 
ommis: et je me ftrois i-aiHIeurs un plailir d’aider lc premier qiii vottdfa Fentre- 
preildre, en lui comi»Miqaant idles dc detail dans I’execatioH, qui 

auroienttt:op'|aUdtogl<e'‘i:ft^^^ ■ 

-•'‘'/.Quoique ’ jc me'fuis' principaleinent. 

arrile' a expliquer fes 'de ;Ia' regie,; glfterale? 


Voila, dans un feui cas, trede' effets ph^fiqtMdont les degres ne fisn* 
,'portionnels dl*' leers. qtlite .»>^nig latoe fbus Papparence d’un feuL" 


. Pyrometry and Areometry, See. 529 

fingle efFe<St, namely, the different finking of the Areome- 
ter. In the firft place, it will not always fink in liquors of 
different deiifities in general, proportionally to thefe den- 
fities, on account of the changes of its own bulk by heat, 
and the poffible irregularity of its branch. Secondly, it 
will not fink in proportion to the changes of temperature 
of the liquor, becaufe the changes of denfity of the latter- 
will not follow the fame law as the changes of temperature* 
I have already mentioned thefe two caufes of error; but 
here is a third. The Areometer will not link exactly in 
the inverfe ratio of the quantities of flegm ; becaufe the 
fpecific gravity of the liquor does not follow the propor- 
tion of thefe quantities. It has an increafing progref- 
fion; and here the immediate caufe of this difpropor- 
tion, which is evident may give us an idea of what takes 

, place 


fevoii" I’enfoncement different <Je I’Areometre. D’abord il ne s’enfonccra pas 
toujonrs dans }es liqnenrs de diffirentes denfitSs en general, proportionnellement a 
CCS denfitiSs; a caufe de fea propres changewens de volume par la chalcur, et ^ 
l’irreguterit6 poffible de foa tute. Enfuitc line s’enf6n,cera pas proportionnelle- 
ment' aox chaagemen'S 'c!® temp^«lure ',de ' 14 liqueur j '' pa roe que les chaogemow 
de denfite de cdlc-ei'ne fuivront pas la meme loi que les diangcmews de teppg- 
ratum" J*ai 'ddja'indiqne' ces deux caufes .d’erreuri mais' envoid #ae'trpifiSin®. 
L’ Ardom^tre ne s^enfoncera pas exafteraent en raifon inverfe des quantites de 
flegtne ; parce qwe k pefanteur fpdcifiqtie de k liqueur ne fuit pas ie rapport db 
'.'ces quantitds; dllBaune marcheeifOiffitite* i ‘Et ’4»fcatifispripclkinedbyette 
dlfptoportidn, qui Oft etident^ pent nous dtmner une* idde de ce qui!f^'p»fic 

■' 'xkfis 

' ' ' " ^ * 
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place in Nature, and hinders phyfical efFeiVs from ap- 
pearing proportional to their caufes, in oitr obfervations. 

The fpirit and the iiegm penetrate each other; that is 
to fay, the hulk of the mixture is a little lefs than the 
fums of the two bulks before the mixture ; and fo the 
fpecific gravity, which is the weight or the quantity of 
matter under a certain bulk, increafes a little in the 
mix:ture, comparatively with the mean fpecific gravity of 
the component parts. This penetration feems to me to 
give us fome idea of the hidden caufes in bodies, which 
modify, unknown to us, the effects of the apparent 
caufes, and prevent the obferved effects being proporr 
tional to thefe. 

. One muft therefore, in order to have equal degrees in 
the Areometer,, without fenfible error upon the fpiritur 


ofity 



la Nature, et qi^qripeche les efiets. phyfiqucs d’etre: proportionnels a leurs 


X’efprk et Iq flegsMe & peoetre^^^^ dire que le volume, du melange eft 

UP pcB napiodre que la fotnme des deux volumes avant le melange : ainfi la pe- 
faftteuryped^tsSi q^f eft: le.|pidt;ou.la'i quantity de maticre, fous un certain 
volume, augment up ppu dans le mdange, comparativement a la pefa,ntcur fpe,- 
■ Gifique moyenne-deSicq)mp4ft^fui.^,i^Cf!tte p«aetration,reprdfcnt.e affe* bien cems 
fembk les caufes caeb^ dans lea porps, qai laOdifient ’S notre infu les effetsdes 
i Caufts: apparentes, -eica^Sdieai.que ,Iea:.^:::efl^ nc; Jeur foyent propos- 

tionpulajA', •. ■- 

11 fapfeftpnc, poor avoir des degrds egaux danal’Areoqiltre fans erreur fepftble 
ftir la fpiricHofit^ qp’|I ipftire|r,.,|ixtr ces degrds par la conjparaifon d*efiets 

‘ b'.', ; '.obfcrves. 
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ofity that it is intended to meafure, fix tliefe degrees by 
the comparilbn of efFe6i;s obferved within the limits of 
the common obfervations : and this is the fecureft way in 
practice ; for how could one make a fcale follow^ all thefe 

flilferent laws? 

This is what I propofed to apply. to phyfical effeas of 
all kinds which have unequal degrees, by equal dif- 
ferences in the intenfity of their caufes, or by equal de- 
grees of fome co-elfe£l more eafily obferved, and which 
fhould be made ufe of to determine the other. 

In order to make the advantage of this method more 
confpicuous, I will now ajq>ly it to the co-efFe£ls the raoft 
different which exifi: perhaps in Nature,! mean the aug- 
mentations of the bulks of quickfilver and water by the 
fame augmentations of heat. 

I will 


obferves ea dedans des limites des obfemtlons ordinaires; et e’eft le clicmin h 
pins ftlr dans la pratique; car comment ponrroit on faire fuivre anne eclielle 
tontis CCS 'differentes loix. 


Voila ce ' que je me propofois: d’appliquer aitx effets pliyfiquesde tent genre,, 
qui OBt'desdegres -par des'di'fiSrences .egales.d’intenfite' dedeurs caufes^ 

oa parclesdcgresegatnc de''quelque c’o-effet, plus aife d obferver, etqai dermit 
fervir k determiber' les autrCs. ' ; ' ’ ^ . , „ * V' 


' 'yPonri"epdTe;FdtilitSTle eettc^ 'm frappante^ je vais Tappliquer' anx ' 

.co-efiets les plus'^di'iparatcspent’^t-teqn^^^^^ dans la N&ture; Je dire 
' angni''entatiOjas de volume dn |^t 

deiachaleun ^ 
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I will only put the fame cafes I have explained before 
for fpirituons liquors : the firft, in which the adlual trial 
has been made at 8o° of the Thermometer, the fecond, 
in which it is fuppofcd to be made at 20°, both com- 
pared with o ; and the third, in which the trial is made 
at 5° and 15°. The deviations of the three cafes between 
the* temperatures of o and ao° (reputed to be the limits 
of the common obfervations) are as follow : 

' ' iftcafe. 


Je jioferai fimplcment les mcmes cas qiie jVi cxpHqiies ci-dcvant pour les 
]%aetir8fpiritn0iifts; le premier da repreuve aftuelle a etc faite a 8o^ du Tlicr*' 

Fun et Fatitre comparative- 
menc a o: et le troifieme ou cette cpreuve eft fake ti f a Les torts cles 
trois cas, ' 5 entre^' les' temptoturcs dc b et 20^, cenfees fitre Ics lirftites dm 
obfemtiens orilmaircs, font comm efu it. 
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I ft cafe. 

ad cafe. 

3 d cafe. 

Therm. 

Dil. of water. 

Therm. DU. of water. 

Therm. 

DU. of wat. 

8 o 

8 o 




» » ♦ 

« * # •> 




ao 

4,1 

ao 20 

ao 

^ 7,5 

IS 

1,6 

15 7 jS 

IS 

IS 

lO 

0,2 

H 

0 

H 

10 

8 

S 

-0,4 

5 “1,9 

■' 5 

5 

o 

Q 

0 . 0 

0 

' +7 


In the change of the expreflion of the dilatations ot 
the-water in the thirdcafe, asinthecorrefpondingcafe for 
the Ipirit'U.o'U.s li(iiiors above mentionedj it was neceflar^T 
to confider as o or ^ the bulk of the matter correfponding 
with 5 ° upon the. quickfilver Thermometer, fince it is 

with. 



I'' cas. 

Them*'-' Mat. dc Tew* 

8o So 


-Daw le changeweat daams0ns4»l?ea!a _a« ' 

dans 1c cas cotrcfp<»d*fit fci-dcTant jpo^ tea ll^mrs 
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S. 34 - 

with this point that its bulk at the temperature 15'^ is 
compared. Making afterwards equal to 15-5 = 10 the 
number of the equal parts which meafure the augmen- 
tation of the bulk of water, infteacl of 1,6 + 0,4= 2, which, 
was the number in the firft cafe taken from the experi- 
ment, I have changed all thefe terms in the proportion 
of a to 10, which has prefervetl the fame proportions 
between them. After this the expreffion of the 
Thermometer continuing the fame, that is, its o or sc re- 
maining 5° lower than the inferior points of the adual 
comparifon, in order to have, without calculation, the 
deviations within and without thofe points of compari- 

5 to all the firft numbers 
dilatations of the water. I might 
have fubtradted 5 from each indication of the Thermo- 
meter, which would have come to the fame. It will be 

eafily 

TEertedfittetre-deA^ c’eft avec " cc poiat ■ qiie fon volume -X la 

tem|)Si'aturei5®.ftft coiinpar^. - Fai'fant'enruite %ai a 15 — 5=10 Ic'nombre des 
patties dgafes qui mefare l’augmra volume dc I’cau, au lieu dc 1,6 + 0,4 

=aqu’itot ce nombfe dans te i>rtit)iiet 'cas tirc de rexperience, j’ai change tous 
ks tcrmes danste^ I* » ce qui a confervc Ics luemes proportions 

entr’eux. Apr« *>qabi',‘ reftant la mime, c’eft a 
dire;)(bn; zero ou de ’ comparaifon 

aftuelk j pour avoir fans calcul les dlviaitions iiti dedans et an dehors de oes points ; 
de companaifon, il a fallu ajouter 5 & tons les nomhres qui expriment Ics dilata- 
tions rdellesde rcan. ; J’aurois puTetraqcher 5 ichaque Indication du Th^iirnK)- 
■ n^tre, ce qui ferOttVcma wra aiffiwent je crois que O’fcft la la 

' route 
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eafily feen, I believe, that this was the road to follow in 
order to tranfpofe, in the third cafe, thofe proportions 
found by experiment, which immediately conftitute the 
fecond. I proceeded in the fame manner in the exam- 
ple drawn from the two fpirituoiis liquors . As to the fecond 
cafe, as well for thefe liquors as for the water, it is evi- 
dent, that the change of the fcale which meafures their 
dilatations, occafions, no change in the proportions of the 
terms found by experiment 

I repeat it, I do not believe one has ever obferved, 
in any cafe, two co-effe<5ts of the fame, caufe which fol- 
low more difproportioned progreffions, than thefe dilatar- 
tions of quickfilver and water by the fame augmentar 
tions of heat.; and yet one fees, that by this method (I 
mean by obferving the real proportions of the. co-efFe£ts 
within the ordinary limits of the intenilties of the caufes):;* 

one 


rotite qu’il' falloit fiaivtCj pour traufporter -clans oesA^apports ti-o.uves 

'par Fexp^rience qai forment^^lmmediatement le 'premier* J’ai proceda.de .la ' 
m&Bfe maniere.daiiSvFcxemplc.tire 4e&'-deux Jiqndurs fpirituenfes* , Qnant'au 
fecond casj tant potir :ces' liqne'nrs:,qne jonr .Feanj.il eft 'evident qne Ic changemenr. 
de' Feehellc c|ni mefnre''lenrs'ftilatations,, n’en apporte auenn dans fe^rapport .4^^- 
/termes ttonves,pari''exper5enc',e . 

' 'll nc me^:femUc-paSj Je: le\r6petej/..qu^on,alt .obfervc' en..aiici?in:,€as,*':’deiix cov > 
;;'effets"d’arie' 'm'Smc’caqfe qui ' fmyen|: des fparclie^ pks qneces 

dilatations da mercure et do Feau par fes ^ngnOientalio^dela chaknri m' 

cependant on voit <jile par cette oiettode^ (je .vep^Cfdire ?n. prenaQt .parobfewtt^ 
Acs rapports' desco-eflfets au.dedaflsdeslimkesordinaircs.cks , 
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one leffens much the errors in the other terms, which 
will refultfrom fuppoiingthem to be proportionate to the 
obferved proportions; and that one procures a fenfible 
cxachnefs near the points of a6tiial trial, which are at the 
fame time near the greatcft number of the cafes of imac- 
tice for which one wiflies to find meafures* 

And if one confiders co~efFe£ts in general, fettiiig afide 
this extreme dilparity, one will perhaps feldom meet 
with any, which follow laws more different than the cor- 
refponding dilatations of quickfilver and brandy : even 
very frequently they will not deviate more than thofe of 
brandy and fpirits of winef-lind in that cafe it has been 
feen, that this method reduces fo much the deviations by 
totn' OuMt^^the ' limits pf the ordinary cafes* 
that it may be ufed without fenfible error, when thofe 

• co-effects 


hearts, qu'^on fcra daiis las', autrejs' tiJrnitfaBiti,leS"fup,po6nt 
paportipnnels awe rapports oibferviJ.s j. ct.'qu’ott. fe procure meme fenfiblcaient 
rexaSitHde, aux cuviroosfdes points d’dpreuve afiuclle, qui font en meme terns 
les plus; plus- ^ de pratique pour lefquels on chercliei 

Et fi Ton , nsettant a part, cettc extretue 'difi 

parke,' On' en; de®. laix plus .differentes 

que les dilatations correfpoWantes du rnercure ct de Eeau de vie; tr& foayeirf: 
rndme ils ne s’ecarteront pas davantage que celles de feau de vie et de I’efpidt de 
vin; et alors oft a vu, que cette inithode y nSduifc tellement les doalts^ ^/ies 
rejettant hots des pawray’toiploftt fans erreuc 

r ■'! ' ■ . )\ ■ fenfible. 
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co-efFe£ls are not followed in all their degrees. . Whilft, 
on the other hand, the method of taking the fundamen- 
tal iDroportions in points which are very diftant, under 
the idea of leffening the efFe6ts of the errors, is exactly 
that which accumulates a greater quantity of them upon 
the intermediate cafes, which are the mofl frequent, and 
often the only ones in the which there is need in prac- 
tice of knowing the co-efFe< 5 b by one another. 

• One mnft not, therefore, feek the power of the 
Thermometer which corrects watches, invented by the 
immortal harrison, by trying it in the temperatures of 
artificial congelation ancl in a ftove; for that is the way 
of deftroying a great part of its corrediing efiedt, in the 
very cafes wherein it is moft necefiary, by accumulating 
on them the deviations of two co-efFe6ls, probably very 
little proportional, namely, the changes of the elaflic force 

^ of 


icnfible^,, qiiand on n’a'tira pas fuivi ces co-effctsTfans tons leiirs degres* Tandis 
qiae celk' de dierclier leyrs tapj^orts en des' points* fort eloigneSj, dans ridefe cfe 
climiniter. 'IWet ules', etteurs^ ‘eft ,.pr&t foment le moyen" d'en.'acxmiinier le ‘plus 
fur les casintermediares, ' qtii 'foat'ksplvrsireq'acn'sj et^fouvent dxsfeuls ou'fon 
alt'befofo' dc'^ -iesatitresv'' : ' ; ■, . ■ 

II ne fant doncpasj' pat'ex^emple, chercher k'pouvoir du •ThennxmCtfecor- 
reSenr des montres^ in\cnle par rimmortcl harrison, en Pcprourant clans les 


tebperaturc*® dfofle coagelation artificielle et ctknc X'tiW ; car cVft fo'fooyen de 
/'M&irrwiae grande'pakfo de ie plus 

b^ceftairc; pnifque ckil ' i 

ti^$ ,peu propertlonael^p ^kftiq-uc 

Voi.. LXl/llI. T tt , _ 

’ ' ' . ^ , i.-i .t'f ‘ ' 
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of a fpiral fpring, combined with all the other alterations 
heat produces in a watch, and the different degrees of 
bending of a lamella compofed of two metals differently 
dilatable by heat. 1 am apt to believe, that a part of the 
irregularities which ftill continue in thefe watches with 
corredling Thermometers, proceed from not having tried 
their effedls within the limits of the natural tempera- 
tures to which the watches are expofed. 

For the fame reafon it will not be proper to ufe very 
great differences of heat in the experiments intended to 
find the required eombinatidn of the two fubftances in 
the pendulum : on the contrary, it will even be better to 
fpake them within the limits of the natural variations of 
‘^ilfewhieh thd^ will meet with in its place: 

for by that means, though thefe fubftances have not pro- 
bably 


avec toates !es autres ^tlratipns gue pro4uit h chaleurdans 
fit les dilKrentss courboures qu* eprauve unc lame compofeedc deux 
da^^mmept dilatafc^cs par la chaleur. Auffi fuis-je porte i croire, 
qu’une p^W 'dfi8hr%fi(larit^ q«i reftent encore dans ecs montres a Thermome* 
tres corre^W*, V'ienneat dfin'avoir pas chcrchc leurs effets au dedans des liraites 
des temperat««rej} <^|#^)Epontrcs fontfixpofecs,' 

Par la mSme employerde tres grandes difFerenccs de 

cbaleuc dans les exp&iennes delKnj^»,,,i|*0WVfir la corobinaifon conyenable dcs 
denx matieres dans le pendulej et au conttaire il condendta de les fiaire en 
dedans meaie dcs limkes des variations natprellea de chaleur que le pendjile 
cprouveral'fe|djt6pJ cat, par la»;;qp!^ws,.<?«si'-^aticre8 n’ayent probabJfifti»ciit|jas 

' " ' '’’'Mil, I ■' " 'i',' I '.' J i . ' ' ■ ' , » ' / ,,, ,1,:, - , L 
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bably the fame progreffion by heat, one will not perceive 
ill pradlice the efFe-fts of their differences. 

One muft not neither, from the compared dilatations 
of air and quicklilver in paiEng from the freezing to the 
boiling point, conclude the relation of the denfities of the 
air in the atmofphere with the height of the quicklilver 
in the Thermometer. For here, as in the comparifon be- 
tween fpirituous liquors and quicklilver, we have a double 
error to guard againft, that which may arife from the dif- 
ferences in the progreffion of all air and quicklilver by 
the variations of the heat, and that which more or lefs ex- 
halations and vapours certainly do produce in the dilata>^ 
tions of the former. I believe, therefore, that to confine 
one’s felf, in feefcing for a common rule, within the li- 
mits of the moft frequent natural variations of heat, and 
■©bferving their effedls in the atmolphere itfelf, will be 
' , : . ^ ■ the. 


ia m'eme marche pat 3a chaleur, on.fera fenfiblement' a I’abri des efFcts deletirs 

cHfFetences^, ' V ’ ' ' ' 

II ne fauclta pas'noa pliis,x:!ietcbcrj' paries rapports dcs dilatations' de'Pa'ir et, 
du.iBcrcnre'eu paffanbdC'la'glace aTeau bomilante, cenx des denfites dcfait 
dans Fatmorpii^Te"avecl:i'ri^ 'THermometre.^. Car ici^ comffledaii's^”'la^ 

€ompararfon,des, liqueurs Tplntueufes au mercure^ nous avons doable erreur a 
prevenir: celfe'' differences dans les ''marches -d^tout’air e£, 
in roercurepar les variations de et cclle que produifcnt 'fintment dans la 

marcho du prcmier| le ou Ic ijadinfe ife ft? dVxlialaiibns qu’il contient* 

S'c renferm®r done, poor la techftete dans Fete a due do® 

fariations de chaleor diBfeivant leurs effets 

■T t t a , 
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the fureft mean of diminifliing the errors, till fuch time 
as one fliali be able to follow thefe variations of denfity 
thotigli all their caufes; enquiries worthy the greateft 
care of natural philofophers. 

For the fame rcafons it will not be in the greateft and 
kaft degrees of heat in the atmofphere that we muft take 
the fundamental proportions of the refraaions with the 
Thermometer: for unlefs one was likewife to determine 
by experiment fome of the intermediate proportions, 
one would probably be expofed to very great errors; 
confidering firft, in general, that the changes of the den- 
lity of air by heat may poflibly, as I have juft faid, not 
obferve the fame law as thofe of the quick (liver in the 
Thermometer; confidering likewife that the changes of 
the denfity of the atmofpherical air by heat are probably 

accom- 


IJihere m&mt, fera je crois le moyen le plus ffir de diminuer les erreurs, jufqu'^ 
ce qu’on foit en ^tat de fuim pas a pas ces variations dc denfite par toutes leurs 
caufes; rechsrehes digtjes d« pi os, grand foindcs phyficiens. 

Par les mlalea mfons il ne fiudra pas cbcrcher dans Ics plus grandes et les 
iBoiDd[reschaletti:»4^|a]^('^Ji|*‘C|^|e raj^rt des r^fraflions avec le Thermomfe- 
tre: car ^ moins^de quelques uns des rapports 
interme'diares, on feroit probaBlement fiyet i de tr^ grandes erreurs ; vu d’aborct 
en general, que les changemens dc denfite de Pair par la chaleur, pourroient 
bien, comme je viens de Jadire, nepas fuivte la tndtne loi qnc ceux du merettfre 
dans le Th’ermoipdtre : vu encore que Ics changamiens dc denfitd defair atme- 

' ' fpheriqus 



Pyrometry and Areometry, Uc . 5.41 
accompanied with a change of its nature, by the mix- 
ture of vapours and exhalations, which may occafion , 
great variations in . the law of dilatations; confidering 
above ail, that the changes of refringent power and of 
dcnlity are two co-efFe.<5ts of very different nature, the- 
progreffions of which may differ more, than thofe of the 
denfities alone in different bodies. Here then are com- 
plications of complications, which may very likely accu- - 
mulate errors in the intervals of the proportions fur^- 
nifhed by experience between the refradions and the ■ 
indications of : the, Thermometer, if thofe proportions 
were taken in points very far diftant. The application 
of the theory . of refradiona to the.pradice of affronomy 
is as delicate as important, and cannot be viewed in ton 
manyTights; which determines me not to iniift farther 

here.:; 


fpherique par lachaleur, font probabletbent accompagnes de cliangement datisfa i 
nature par le . melange des vap.eurs et des exbalaifojis, ce qui peut rendre la loi- ■ 
de fes dilatflitions trea variable; vu furtout que les cbangemens de vertu refrinr 
gent? .et de denfite, font deux co-efFets de nature bien dilFerfente-, et doht ’les' 
marches peo:vent s’6c.aifter idavahtage, que ccUes des denfites feules dans difFerens , 
corps. Yoya done :des eqinplicatibns de .complications, qui pourroient bien . 
accumulcr des erreuts dans I’intyvalle des rapports fournis par fexperiebce entrb 
Ics r^fra&ions, el le? indications du Thermometre, fi ces rappotts etoient pris 
" eu.dfs ^oints'forf t 
tique d«:i’Abnomh, e 

■ ' ^ ■ 
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here on this object 
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, but to confider it by itfelf in another 


Paper. ■ , . 

As to phylical co-efK;£ls in general, and I dare affert it 

here in co-efifeas of all kinds, if one cannot fix all their 
relations, degree by degree, by immediae and fure ob- 

fervations, one muft avoid deducing general rules from 

relations taken in the extremes. The aftion of caufes, 
moral as well as phyfical, whether from the variety 
of the fubjefts on which they aa, whether from fecon- 
dary ones which efcape out obfervations, is too compli- 
eated, for the obfervable modifications to increafc m the 
exaa proportion of the evident caufes ; and confequently 
fcr the co-effeas of thefe to be proportionate between 


ir 


id fuF cet obict, ' P6«r la tra'ittr i part dans un autre Memaire. 

iS fi r™ i pat p» feet <».!.«.■. -.pp»™ P” • 

totfvte J. “ 

imports prU' a*' «•«*#»«•■;■ ” ] 

Id mbdifitetioEs obfervablcs cMlffcnt en propoition exade des caufe* tvidenles, 

« p.r cW.£q,en.i pool qPe taoP-effiO J. cdlps-d fcym proporupKl. 
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I lliall now collect the refults of the preceding' re- 
flexions with regard to phylical meafiires. 

When the inqiiir'y is into general caiifes, fiich as heat, 
the eledlric fluids humor ^ the w'-eight of the air, 

the fall of bodies, percuffion, Sec. canfes concerning 
which we never acquire fufEcient light, we muft endea- 
vour to find out what are their moft fimple effedts, in 
order to meafure the intenfity of them by thofe 
effedls. In that cafe it is proper that the fixed terms 
of the meafure be taken at the greateft poflible 
diftances. For it being the moft fimple effedt, and con- 
fequently that which approaches neareft to follow, by 
its degrees, thofe of tlie intenfity of the caufe, it will : 
ferve as a common meafure for all the other effects de- 
pendant on it. One muft,. therefore, afeertain the uni- 
form: 

I i ,-,ii 

Je vais maintenant raffembler ici- ks refultats des refiexioas precedentes a 

r^ard des MefOTes. phyfiques. ^ 

Lorfqu’il s’agira de caufes. g&era]es,..comme la chaleur, le fluids dledlrique, 
la lumiere, le poids de I’air, la chute des ebrpS;^ . les chocs, &:c. caufes 
fur ration defijiicUes-, nous ii’aequeri-ons jamais aflez de lumieres, il fpt 
chercher qhels font leurs eflets ks plus fimpks, afin de mefurer kut itofitl 
ces efFets.; ii convient que ks termes fixes de la mefhre 

foyent ^ts aux pIUs grandcs diftances poffibks. Car s'agiflant de l’e;^t Ic plus 
fimple, et par confequent k plua ^rochaat de - fume ,par 1%$ de^& ceux de 
Fmkbfit^ la caufe, il fervira dp ,ii^fite,ec^ane ppur, tpas, ks autres^^ 
«ui en dependront. Il faut done affwer U bon^rttaioa tmforim de la ifsteef 
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iiform confl;m(5tion of the meafure, which cannot be more 
. a'ccurately obtained than by a great diftance of the fixed 
i points; and attempt, however, by every means poflible, 
.to find the proportions of this moft fimple and moft re- 
gular eifedt, with its caufe. It is on this account, that, 
in nay treatife on the Thermometer, I have expofed all 
the reafons which lead me to believe that quickfilver is 
the body whofe changes of bulk are moft proportionate 
to the variations of heat which produce them, in order to 
afilire to this liquid the preference as a common meafure 
of heat: and that afterwards, as I have faid above, Hooked 
for the proportions of its progreilion with thofe of heat 

/.'itfeif,:'."'; / ' 

co-efFe(5ts which will be indicated by 
thefe theafures of general caufes, unlefs they can be de- 
termined degree after degree by experiment, and the 

obje«Sts 

'.'ce par mt grande diftance cles: points' fixcaj et 

chercher;:Cepeadant';part moycns 'poffiblet les rapports de cct cffet le plus 

regu!ier,i:^:^vec’f^ caufe. ;; G'eft:,par 'ces raifons'que dans oion traitc fur Ic Tlicr-- 
.mouietre* fn rafemble tons ks mottfs qui me porfenti croire que 'le mcrcuro 
eft celui de volume font 'les plus proportionnels 

aux variations kspioduipijt; d’alFurer ’a ce liquids la'pre-^, 

fen'ence pour la mckre commtmt: de fe;cii!4kiiir j ct , quknfqite, conrtrae je Fai dit, 
ci-d'effuS|; j’ai •cherefte^ les rapports 'de :'ti marche ayec/cclle,dcj''a:clialeur. elfe- 
memc^y, „,V \ '' , ' 

“ Mai> qdanf qui feront ipd'iqu&' par ces mefltres. dcf oaufes gene- , 

a rooins qu^0n,rne,''|;pjlff?> degre^pari' d^rei’ 
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obje(£ts are delicate enougli to make this neceilaryj the 
sfafeft, and at the fame time moffc convenient, method 
will be always to keep within the limits of the natural 
cafes, to fix the fundamental points of the proportions; 
ufing for that purpofe all the fupplies of art and found 
logic to come as near to exa£lnefs as poffible in fixing 
thefe bafes. It is this confideration which feems to 
me to give fome value to the method of afeertaining the 
relative expanfibilities of bodies, which is the fubjedt of 
the firft part of this paper. If the co-effe6ts are propor- 
tionate between them, there will be little loft in not taking 
diftant terms of comparifon, if they are taken exadtly. 
If the co-eIFe(fts are not proportionate, there will be much 
gain; and the lefs they are, fo much the more. 

We are obliged to take up with probability ia Nature 
in fo many refpe^ts, that it is perhaps of moreimpor- 

' i "taacc 


riencc^f et Ics olypts foycat aides delicats pour qdil le faille, la metliode la 
plus fare, et en naeme terns la plus commode, fera toujours de reotrer en dedans 
de$ limit^S'dcs cas nature^ , ,p 5 cer ' les'' points" fondtoientaux'' des rapports; 
eii employant tout ce que Tart ct la bonne logique peuveut fdurnir de fecours et 
de methtodO'S' le-plus^qi’il oft poIBble de'’ re2ta0:i,uucle 'en;%ant.c^ ' 

bafes* ,/C’cft cette conGd^ration. qui me paroit donner du prix^a la niethoddde 
fixer les expanfibilit^s relatives deS coifps, qui fait le fujet de la premiere partie 
, do ce , .Si LeS'm^j&tsfQnl: 'pi^.oruoEBels ‘ej»tr’eux,,...OE 'pe.tdt® . ptu^ ' 1 . ' 

ne' pas prendre des tetini'es de comparaifop dloignol,!? ilu’pn J^ptftnue avec 

:: exafiitude. SGb ue 1 © fiaEt ppi plus^ 

leferpnt vi'y - 

Nous .fommes ’.obliges de uouis s^ontfentei clu probable a taut 

yoL. rxvni. , ' ^ f , 
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tance to us to inveffigate the phyfical rules of probabi-!* 

lity than to attend to its mathematical rules upon hypo- 

thefes. 


EXP 3 LANATION OF THE FIGURES^ 

E I’ G. I-i- , 


a a A rod' of a fubftance little dilatahle by heat (glafs for 
iaftance);fufpended'vertically„. 

A bracket, Trom. which hangs that rodl. 

of the rod:. It is the point where the 
rod is free from the preliure of the piece which keeps, 

it 


Natsite, qwe chercKer les regies pliyfiqucs de la probability nous cH'peut-tee- 
plus etftntiel, que de nous : attachcr- & fes regies mathSmatiques fur des bypothefess , 


• E X P'hl-C'A'T LO E S- 'F'l'G-U k'.E St 

■ ■■ '' ■ 

4r<» Uhc branebe d’Cirie tiiatiiw p«‘ chaleur (de verre par exem- 
ple) &rpendue verticalement/ 


iHJne piece fixde quelque partj d’ou pend Cette branebp:. 
r celul' ou elle fcttrove ijdgagde 
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it flirpended ; and it is from that point onlj that the 
length of the rod is reckoned. This is the rod which 
is calledT&W in the paper. 

dd A rod ot a more dilatable fubftance than the former. 

e Point at which the rods are connedled, called in the 
paper point of union of the rods. 

/ Point marked upon the rod dd at the middle height of 
the rod aa. ’ 

:g Another point upon the fame rod, at the third part of 
that height. 

The rod dd the one which is called in the 
paper. If then dtiTsX. free rod has a dilatability 
double of that 'of the fixed rod, the point / lliall 
be immoveable^ notwithftanding the variations 
of the heat. If the firfl: dilatability is triple, 
point d'Vfi\lh& immoveable. 

■ , , . : 'F' l" G, 


de la piece qui la dent fufpendues et cVft de ce point feukiBcnt quo doit fc 
compter la longuenr de la braa'Che. Qefl celle qui eft dite dans 
Memoke^ 

^iUne/branclied’nne’antre;:pa£iere^plus dilatable qwe la premiere. ' ^ 

^ Point oi les denx branches font gobpyieea e^^^ dans lememolrc 

'' branches. ';//■■' 7^-. 

y point marque fer k ddl^ la iiioite de la hauteur dela branche^dr. 

^ Autre point marque fur la meme branche, au tiers de la hauteur de Tautre. 

La branche dd eft celle qui eft ditte dans le Memoire. Si done cette 
branch Hire a ume dilatabifit6 dd#bfe tie oelle le pmnt, 

;; ; T I G. 


f fera^ malgteles yanation ne ' la 'Chaicur^ pi 'la ^ 

tabilite eft triplfc de ladcrniwe, ce fera le poiptrf^ifer*i 

'■ ‘ V n d’a' ' 
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FIG. II. 

a a Stand to which the Pyrometer is fufpended. 
b The hook from which it hangs. 

ccc The deal- hoard which is the bafis of the whole ap- 
paratus. 

ddddP<ivx arms to which the frame eeeeh, fixed. 

The frame. 

jj jj- Another frame, which carries the Microfcope. 

^^ Two crofs pieces, through which paflTes the tube of. 
the Microfcope, and which fupport it near both ends. 
The Microfcope. 

/ Its Micrometer. 

k Cork, through which pafles the glafs rod, and by 
which it is kept fufpended. 

//The 


' ' F I G. 11, ■ , : , 

ffa Lefapiiort aaquel eft fiilpendu le 

b Le crochet d*oa il pend* 

' La pkncbe cfe fapin qniferlde hafe Itout I’apparelh 
dddi Qtjatre hc^ I pottar k cadre dm* ' 

Ce cadre/' 

" ' ^ ^ ^ p i ' ' ' ' 

Le chaffis qiji poUe te Micteieispew ■ 

Pmx traverles dans kfquelles pafle le lube du Miorofeope, p«»r k foutfiur 
■ \prfef;'dq,|,ks, deux, bouts,. 

Le Mkrofeope Iqi H^me, ‘ ■ 

.iSdn MicronrStk^''''' 

la'braftel«Xfeiw*w^i^ 
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//'The glafs rod.: 

fn A rod of metal^ or of any otlier fubflance lefs dilata- 
ble than glafs* 

n Point of uniony obtained by means of two connected; 
rings, in which hoth rods are fattened by fcrews. 

Higher up is another pair of rings, in one of which, 
the metal rod is free, and which rod it fupports*. 
Qp The piece, to which the glafs rod is fulpended.. 
q A fquare piece fixed to the frame by four fcrews, be- 
hind which is a box, in which, .as well. as in a groove 
cut in the bafis in />, the piece op Hides * . 
r A fcrew, which pafles through the fquare piece y,. 
whofe ufe is to move backwards or forwards the piece ' 
q, in order to bring the. furface of the metal rod to the • 
focus of; the Microfcope. 

j’jj'j*. Fourc 


// La braindie de verre, '' ' • , 

La bniHiche de , metal, ou de toutc autre fubftance plus dilatable * que Id verre^ . 
nljs dew accouples, ou-xbacuae,, des . 

Lraaches'^efl: fixeepar uae vis.. 

, ■ fe. voit pIusLa-ut, 

jpi^' '^^evfpr; Is c^rs par 4 yi?, derriers la<jaelle .eft oii 

la- piece «p .gUffe, fet jafte,, .ai46-.<5Py...fi,aWyWe..Wffr0f5,^feA4apl^^^ 

c«,.cn ' • " '■ '' ■ ■ • 

r Une vis pa#.a\i ti3ivers.)is' la 


ft^OTvoir la'.pi^ 


op en avant ou en axx&e poof amtadv- if Jw 



4M -fpjer .da Microfcope, , 


s 4>i ii w rl';.!*!.. '.*1: 


’ i f', .i>. * ’♦ 


Qpa&e 


550 Mr. Tils, hvc on 

:ssss Four fcrews, with round metal plates hehind 
their heads, which ferve to i^refs the frame of 
the Microfcope agamft the frame 6’ <?: the longitu- 
dinal openings, through which pafs the fcrews, per- 
mit the free motion of the firil frame, when one 
llrikes gently with a hammer to the bottom or the 
top of one of the fides. 

When -one wants the Microfcope higher or lower 
than the grooves permit, one may change the 
fcrew-s in other holes made on purpofe in the 
fide pieces of the frame 5 1 ? 

i /f I T^he oy bottle, in which hang the rods, in 

order to he heated at different degrees by water of 
Ttemperatpres. ' 

Supporters of the bottle^ 

a; Ther- 

.irij'i '^4'Cre via, ayatrt' des plaques de deittere Icurs'tStcS, qiu fervent 1 
pre:fo ie cliaffis du Microfcope contre Ic cadre eeei; fans einpScher cependant 
qpofee chalBs ne puifTe monter ou defcendre (par Ie moycn des ouVertures 
IdngityHmabs oil paflintles vis) en frappant des petits coups de marteau 
delTouf I’qii <?e8 ^t^s. ' ' ■; ' 

Quand on a' kde jh*#' Microfcope plus "haut^ ou' plus ■ bas' que' les 

couHffes ne dbange les vis,' cn d’autres trous qui 

font'Ie long des montaJM' do cadre ;■ - 

■ijtt ha bouteille cylindrique dans laquelle pendfent les :branches pour y 
.echaoifes'ldiff^rensdegr^s, ;par ^ 
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x: Thermometer fnfpended in the water. 
yy rod, to the lower end of which is fixedafmall 
plate, to ftir the water hy moving it up and down. 

%z A fyphon, one bi'anch of which is within, and the 
other without, the bottle, the latter with a cock; 
ferving to draw off the quantity of water which is- 
neceffary for changing the temperature in the bottle;, 

■ ' , ^ F" I G. • , . ■ ■ . 

a The- ball of the Areometer^ which: is of gfafs and. 
empty, except 

^ The fmall ciftem atthe bottom, which contains quick- 
'■filver, . 

ec The branchy made of a thin metal; tube,, cemented to > 
the. balli. 


AT.Thermometrefofpendu dans Pea 

^yy Baguette an bas laqnelle eft une petite plaque^ qui fert a agiter Feau m la 
faifant monvoir de bas en haul et de hant en bas. 




pif? 


Ks: SypJjon, dont yye des brartclies eft' dans la bouteille, et I’antre au dehors - 
vn robitiet; feiVant ^ tirer dp 14 bouteille la quantite d’caa neceSMffc-’ 
* aux .changemens de degres de .chalenr. 

.. F, I: G.^ III.. 

a Bbula dd V’Arhmire, ^qui'eft'de vferfd et 

^'Le petit irefervoir remi^i de’oiiarctirbi'V' - 

"'f r ' ' - ' : - " ' ; ‘ ^ ' 't ‘ 7'" ' f /’.’'VI 






Mr, DE Euc on 

!! t < Two threads tied to the biandi, which are the 
%dpmnts of the Areometer, as intended totryfpi- 

.rituoiis liquors. . , . i . 

The conftrudion of the whole fcale is explained in 

ithepiiper. ^ r. n p 

One may apply anotlrer fcale on the oppofite fide of 
thefrflJiri (fecli as*® arbitrary fcale in the figure) in- 
tended to try merely the fpecific gravity of the liqmds m 
which the Areometer may he dipped. The particular 
of this fcale# fW may betaken 

1 two liquids whatfoeypfwhofc fpecific gravities, tried 
byaie hydrolytic brfa^, Aiall “ convenient re a- 

t«; andtheipace betyeentholetwopointsWlUbedl- 

* ton a ctoemenihumber of equal parts. 

The 


45;Id»ci* au ator ae- la branche, q«i font X^pmtsfim VArk-^ 

comme AtfanH I’^renvedes liqnenrs fpmtncnfes. ^ _ 
f # rnnflauQaon dafentg cew Schells eft expbguee ® ® i*»Vi,pite 

Qa oeut war derautr® dc la braachc.nne autre echellc (comroe 1 echellc 
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The proportions are not determined in this figure, 
which ferves only to help the explanation of the princi- 
ples upon which a cojnparabk Areometer might be con- 
ftru 61 :ed. 


II a rien de determine dans les proportions de cette figure, qui fert unique- 
ment a rendre plus intelligible les principes fur lefquels on pourroit conftruirc 
uu drmmsire amparahk^ 
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XXII. AhtraSi of a Regijier of the Barometer, "Thermo- 
■ meter, and Ram, at Lyndon, in Rutland, 1777. By 
Thomas Barker, Efquire. Communicated by Sir John 
Pringle, to/. P. i?. A 


Read February, 26, 1778. 








Mr\ barker’s Regijler, ^c, 555 

The year began with hard froft arid a large fnow, 
breaking fometimes ; but a fevere feafon, being chiefly 
froft and fnow till about the aoth of February; when, 
after wet and floods at its going away, it was mild the 
latter end of February and beginning of March: then 
C0I4 again ; flaowery the middle of the month, and three 
days about Lady-day hotter than is ufual fo early in the 
year, the thermometer abroad being 68 * The fpring 
feed time was flrie, and the ground green, but not much 
grafs, the weather being in general windy and cold till 
near May-day : it then grew flaowery, and though ftill 
cool, grafs and grain came on very faft. Once this year, 
about June loth, after forae dry hot weather, the ground 
began to burn; but from that time to the end of July, 
there was fo much rain that the quantity of grafs and 
hay was very great, fome of which was well got, though 
fome Was fiaoiled ; the crops' of grain were good,* blit too 


rank, and much laid. The hanreft waS rather late, but 
raoft of it very well got, the latter part of the fummer 
being clearer, hotter, and drier than it had ten before, 
and it coriinned hot thah nfu^ for tte thermome^ 
ter in the ihade was 74, near the end of Septehiber;' 


There was a great deal Of ratn' id O arid hf Of ember, 

yet as the grOrind Wks <tty and the rain Came by 
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very favourable, and the ground continued in good order. 
The weather was open and fine till a little way in De- 
cember; but a great part of that month was dark, calm,, 
and moftly fair, and frequently fcarce either froft or thaw, 
and the year ended as it began with froft and fnow. 

The earthquake which was felt September 14, ^in 
Ghefhire, Lancafliire, See., was obferve.d by fome people, 
here, both the found and fhake ; but as there was a ftrong, 
wind at the time, neither of them were fo much takeii^ 
notice of as they might probably otherwife have been... 

' laft'year, of a clergyman; 

■ this country, giving fome account 

weath^ of the wet year 17 25, which I here tran- 
' feribe..' 'V,. . 

This year was cold and wet, having rained all the 
“. time, except now and then, a day, from the middle of 
^ Atlguft 27. ., 

„ ‘VWb kt jb'rft came' in,' illj. through- a-great flood- 
^^J.une 1:1 and; i:;2y wd al,moft conftant rains; the mea- 
“ dow fgrkf^^ worth htfle; fhe raina beings but finall, it 

^ “ Harveft though. nikny,. fancying'' 
“ it would not, ibid 'theif early, and; were, 

forced to huy fqr- five pr flx weeks at 

' '■■■ ;■ ■ : "-.n'leaftt' 



Weather at ljjn.dion. 557 

** leaft; tliey were deceived by the height of the coni: 
“ and grain, and coldnefs of the weather. 

Auguft 23. A rain happened at Ketton feaft of 24 
hours continuance,, caufed a. flood on the meadows for 
“ four or five days, fo the herd had fcarce a.place to feed. 
‘‘ on; the tethering grafs for the horfes w'as all fpent, 
and we were forced to take them to houfetili the corn 
“ vras off.. 

“ All garden-fluff was a month later than fome other 
years; no berries on the hedges ; no weather for pit- 
“ coal carriage ; no caterpillars, flies, &c. no Mdney- 
beans, or very few, being, deflroyed by fnails and cold.. 

The year being moflly wet and cloudy, things tranf- 
planted, wanted no water nor fhading ; no fruits were. 
“ well ripened ; no grapes at all.. 

‘‘ In Auguft, wheat between five and fix finllings a. 
“ ftrike (bufhel) ; barley above four fliiilings and fix- 
“ pence ; maflin five fliiilings ; oats dear. 

“ Note. The year 17,35 proved the fame,, in almoftt 
‘‘'all particulars.” 


I have heard a graziier of this town fpeak of th^tyear 
s 7 2 c . I think his acoibunt ,of it was, this ; that it was the 
w.armeft and forwatdcfl 
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peafe and other garden-ftufF remarkably forward ; and 

after that time the wetteft fummer he ever knew. 

The forwardnefs of the fpring at fir ft might make the 
farmers expetft an early harveft, as the account above 
fays they did. 

The year 172,3 was as dry as this was wet. 

In the fpring 1776, there was a remarkable quantity 
of feed upon the elms, of which I fow’d a confiderable 
parcel, both of the upright kind and of the witch elm. 
1 believe, not above one feed in five hundred or a thou* 
fahd, grew', but thofe which did made much finer plants 
than thofe faifed from fuckers, efpecially the upright 
kind, two of which were full five feet high in a year and 
half from feed, and as thick at the bottom as my finger. 
They were fown on a north border, to keep them from 
the fcorching fun, but the flies deftroyed fome of the 
plants at their firft coming up. However, notwithftand- 
ing the uncertainty of their growing, I think to fow fome 
more Qf the feedj when there is any to be got. 
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XXII. Journal of the IVeather at Montreal. By Mr, Barr. 
Communicated by Richard Saunders, M. D. F. R. S. 

TO SIR JOHN PR'iNGLE, BART. P. R. S- 

Q T TJ , - ' V « X BriglltOH, 

^ "4tli Sept.' 17^7; 

Read Feb. a6, Oo ME days ago I received the inclofed 
1778. xj Journal of the weather, kept by Mr. 
B ARR, for a few of the winter months, at Montreal, with 
a defire to put it into your hands. I underfiand that the 
winter was thought particularly mild. The thermometer 
was Fahrenheit’s graduated 50 degrees below o. I ob- 
fe^e that the wind never blew from the north ; nor do I 
know that, it ever blew from that quarter while I was iir 
America. 

I have the honour to be, &c. 

, ;■ ■ . R.SAUNPER^' 
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FOR DECEMBER, I776. 


iJays 
of the 
Month. 

1 licrmometer, 

_ -A- ' 

Snow 

Wind 

Remarks. 

Morning 

* 

Evening 

'Id. 

0 

4-10 

0 

— 4 

Inches 

NE 

Clear. 

^5 

4- 2 

4 3^ 

3 

NW 

Clondy^tiicfirft fall of fnow at night 

x6 

4.:i6 

'■ 4 ' 2 


NW 

Clear. 

11 

4 

+a 2 


NW 

Clear. 


+ 20 

4 B 


NW 

Clear, the wind high. 

10 

— 2 

at 0 


NW 

Calm, a fine calm morning. 

zo 

4 " 

4 20 

a little 

NE 

Cloudy. 

Zl 

4 24 

4*26 

ditto 

NE 

Cloudy. 

:ZZ 

+ 24 

+.14 ■■ 

ditto 

NW 

Clear. 

^3 

+ 15 

4 2 


NW 1 

Clear. 

24 

4 " 4 

4 6 

" 

NW 

Clear. 


at 0 

4 8 


NW 

r Cleatjand alittle wind. It Is worth 
i obferving, that the wind is never 

a 6 

4. 8 

4 20 

Tome 

NE 

( high whenthe thermometer is low 
Cloudy. 

; a '7 

+ 16 

+ 10 

ditto 

N£ 

Cloudy. 

zi 

411: 

4 x 6 


NE 

Cloudy. 

29 

4 16 

418 


E 

Cloudy. 1 


4-16 

420 

a little 

NE 

Cloudy. 

J_si_ 

4 22 

430 


S 

Cloudy, fome rain In the night. 


FOR 
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FOR JANUARY, 1777. I 


Days 

'i hemiometer* | 




of the 

- ^ 


Snow 

Wind 

Remarks* 

MonthJ 

Morning 

' > 

Evening 


0 

0 

Inches 


' 

I 

+32-4: 

-i-30 


S 

Cloudy, fome rain. 

2 

+20 

+ 4 


NW 

Clear, the wind high. 

3 

— 2 

4- 16 


NW 

Clear, little wind* 

4 

+14 

4* 18 

a little 

E 

Cloudy. 

5 

+ 8 

4- 8 

fome 

NE 

Clear* 

6 

+ 2 

+ 2 


•NE 

Clear. 

7 

at 0 

4. 8 

fome 

NE 

Cloudy. 

8 

at 0 

4- 6 


NW 

Clear. 

9 

+ 6 

4*’ 10 


NE 

Cloudy. 

10 

+ 16 

4 12 


NW 

Cloudy, little wind. 

II 

+ 6 

4 16 


NW 

Clear. 

12 

+ 14 

418 

■ 

NW 

Clear. 

^3 

+ 14 

4 12 


NW 

Cloudy. 

14 

+ 2 

4 10 

4 

NW 

Clear, little- or no, wind. 

^5 

+ 10 ■ 

412 

a little 

NE 

Cloudy. . 

16 

-i- 10 

1 8' 


NE 

Clear. 

^7 

— 2 

at 0 


NE 

Cloudy. 

18 

_ 6 

4 6 


NW 

Cloudy, 

^9 

4- 10 

“4*24, 

4 ■ i 

NW 

Cloudy, a little fnow. ' 

20 

4.30 

4'30 


sw 

Cleat. 

, ' ' 21 

+ 20 , 

■ 4 1'l, i 


w 

Clear,' 

22 

+ 6 

'' 4 ' 2 


;..NE 

Clear.' 

23 

+ 2' 

42Q 


,NE 

Clear, very little wind. 

24 

+ 30 

+40 

I 

SE 

J Clear, in the morning fnow, and 
i rain in the evening. 

25 

'•"I-" 4^ 

431 


SE 

Cloudy, fome rain. 

20 

4-28 

43<^. 


SE 

Cloudy. 

: '27/' 


, 424'' 


NE 

Clear, y, - , , 

28 ' '' 


: ;4 

1 ' W : 

■ NE ' 

Cfear.' ' ' ' 

29 

4-10 

420" 

' i ' V ."’'I 

MSE 

■Clear.' ", ' ", fh , 

' 30' 

4-Y8'V' 

4* 22 


■ NE 

Clear. ' ■ ' 

• ' 3^' '' 

4-10 

4-16 


. W 

'Clear. ■■ - 
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FOR FEBRUARY, I777. 


bays 

^ 'Thermometer^ 1 




of the 

- A 


Snow 

Wind 

Remarks. 



Month. 

Morning 

Evening 




mm 

o 

0 

Inches 



■■ 

+ i6 

4 2 


NE 

Clear, this night a little fnow^ 

2 

+ 3? 

422 


NE 

Cloudy. 

3 

+ 12 

4-10 


NE 

Cloudy. 

4 

4 2 

428* 

i-| 

W 

Clear, fnow in the night. 

5 

4 22 

4 8 


sw 

Cloudy, fomc rain, wind high. 

6 


4 


NW 

Clear* 

7 

4 8 

4 20 


NW 

Clear* 

8 

4 20 

*4"' 2 2 

* 2 ■ ■ 

SW 

Cloudy. 

9 

4 26 

■ 4*'28 


NE 

Cloudy. 

10 

4 22' 

+ 30 


' SW 

Clear. , 

11 

426 

+ 24 

■ f "■ 

NE 

Cloudy. 

* ' 12 ' 

■ 4 6 ' 

+ 4 


NW 

Clear. ' 

• ; 

at 0 

+ 12 



Clear, little or no wind. 

14 

' — 2 ' '■ 

+ 20 


NE 

Clear. 

"15 ' 

4 ■ 

+ 12- 


NE 

Clear. 


4 6 

+ 20 


NE 

f Clear, a large circle round the 
1 moon this evening. 

^7 

4 10 

+ 22 


NW 

Clear. 

18 

4 12 

+ a- 


NE 

Cloudy. 

19 

at 0 

+ 8 


NE 

(Clear, little wind. 

. 20 

4 2 

+ 12 


NE 

Cloudy, a Rttle fnow- 'in thje ni-ght; 

: 21' 

412 

+ 30 

4 

NE 

Cloudy. 

' ■ . 22 , ' 

' ■ 4 28 

+ 32 


NE 

Cloudy. 

^-rcaf 1 


+ 30 


SE 

Cloudy, , 

24 , '■ 

,,,;42'6': 

:■ ,+28. ■ 


NE 

Cloudy. ; 

, 25 '/' 

‘422'- 

k ,„+24 


.'E 

Clear* 

" 26;: 

; "424,,', 

+,3^ 


NW 

Clear. 

27'': 

' 422 

' ' 

+ 12 

ifom'c ■ 

r,:.''. : 

NW 

f Cloudy, '.very little wind, , and 
1 wefterly in the evening* ' 

28 

’,44 

, + 8 , 


NW 

Clear. ^ 






Weather at Montreal. 



F O^R 

MARCH, 1777. 

Days 
of the 

Tliermometer. 

Snow 

1 

iWind Remarks* 

Month. 

Morning j Evening 


1 



+32 

+27 

+31 

4.30 

+24 

42'jE 

+ 14 
418 
424 

+34 

+34 


Inches 

NW Clear. 

NE Clear. 

W Clear. 

Cloudy. 

NW Clear. 

NW Clear. 

SW Clear. , 

NW Clear. 

SW Cloudy, with rain. 

NW Cloudy, with rain, 

NW Clear, 

SW' Cloudy, with rain. 

NW Clear. 

NW Clear. 

NE Cloudy. 

E Cloudy, with thunder and rain. 
NW Clear. 

NW Clear. 

NE Clear. 

r Clear, wind high, and heayy] 
E \ rain, ice on the river begins to 
L break upi. 
fbine S Cloudy, 

W Cloudy, 

fome SW Cloudy. 

W Cloudy. . * I 

NW Cloudy. ■ 

NW Cloudy. . < 

NW' Clear. '' ■ , ' 

= , . Clehr.: ■ ■' . .V, ' ; 

'w Cloudy. ■ 

fome NW Clear, fomefiioWjWithraiaatnjght. 
E Cloudy. ' ' 




y y y a 
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XXIII. ExtraB of Meteorological Obfervations made a- 
Hawkhill, near Edinburgli. By John M‘Gouan 
Communicated by Sir John r*ringle, Bart. P.R.S., 

Read Fcliriiary 26, 1778. 

Lftt* 55""* $8'. 1 Long, 12'. 42'^ in time, per 

Long, 3°. 10^', W* J Ailronomical Obfervations,, 

Fahrenheit’s Thermometer, 



ifjB 
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1775 - 

1776. 1 

Months • 

ill: and 
2d half 

at 8 h« 

A.M. 

at 2 h.i 
P. M. 1 

at 8 li. 

A.M. 

January ^ 

1 

2 

39 - 1 ° 1 
36.t;o J 

37.80 

40.80 

33-33 ] 

25.16 j 

29 - 24 l 

February | 

1 

2 

37.64 1 
40.50 J 

39-07 

43-96 

36.32 1 
35.00 J 

35-66 

March 

1 

2 

39.80 1 
40,31 J 

40.05 

44-32 

37.60 1 
44.12 j 

40.86 

April 1 

1 

2 

44.83 1 

48.83 J 

46-83 

53-35 

43.60 1 
48 ao j 

45-90 

May 1 

1 

2 

52.60 1 
52.88 J 

52-74 

59.61 

1 

47.36 1 

51.22 j 

49:29 

June 

r 

2 

55-66 1 
57-53 J 

56.60 

60.43 

55-00 I 

56.00 J 

55-50 

July 

1 

2 

58.20 1 
60.06 J 

59-13 

.67-53 

58.16 1 
60.56 J 

59-36 

Auguft 1 

1 

2 

59.10 1 
56.21 J 

57-65 

63.67 

58.60 1 
54.86 J 

5^-7 S 

Seplemb^r | 

I 

2' 

53-20 1 
53 - 33 J 

53-26 

58.87 

55 00 1 
48.60 J 

51.80 

3 fl;ober | 

1 

2 

48.86 1 

41-75 J 

45-30 

50,22 

48.60 1 

45-38 

46.99 

November | 

1 

2 

38.00 

37-93/ 

37-96 

41.10 

45.80 , 

36.13 { 

40.97 

December | 

1 

2 

41.16 1 

j 36.00 J 

38-58 

4 ^* 4 ^ 

42.54 ] 

33.00 J 

37-77 

Mediums q ( 

8 h, A. M. 

47.08 

■ 


45-84 

years at, 

1 all 

* P. M. 



BB 



,"'V' 

Deptiii 
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Mr. m^gouan’s ObfervutionSj &‘c. 


Depth of rain at Hawhhill, near Edinburgh, in perpen- 
dicular inches, for the year 1776. 



Inches 

January 

- — — 3 .a 6 a 

February — 

— ; — a. 3 S 5 

March >— 

— — 1465 

April 

— . 1-213 

May 

- — 1 - — , .626 

June — - 

. — , , ■— 2.367 

July — 

— ■ — 3-075 

Auguft — 

— — 2. 410 

September — - 

— 2.755 

Odober — 

~ ' — , I- 73 S 

November — 

■ — ■ — 2.750 

JHecember *■ — ' 

■■ : — .2.080 


Total rain 26.093 
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.All abridged Table of the winds, Sec. for Bristol, foi 

the Y ear 1777. 



N 

E 

w 

s 

NW 

SE 

NE 

SW 

Rain. 

oT 

^ 0 

0 ‘tr 

» P 3 

'-J Pi' 

Thunder^ &c. 

Jan. 

2i 

0 

0 

2 

21 

10 

I 1 

4 

0.996 

12 

3 l 


Feb, 

I 

II 

1 

2 

I 

2 

3 i 

12 

6| 

I-- 3 S 3 

8 

10} 


Mar, 


I 

0 

'2 

'r| 

si 

n| 

9 

2.250 

5 

15 


Apr, 

0 

T 

2 

0 

0 

0 

3 i 

17 

9 

1.962 

3 

13! 


May 

t 

: j 

I 

1 

3 l 

I 

3 

10 

■ 12 

2.657. 

G 

14 

20. N.E. 

Jnn ^ 

i 

0 

I 

2' 

3 

4 

0 

. 7 

IS 

1.838 

■o 

13I 


. J«iy 

s.'' 

0 


If 

' 

' 4 1 

4 

^ 7 

3.'285 

0 

ix-J 

a4.N.E. 29. N.E. 

Aug. 

i 

X 

0 

1 

2' 

3 l 

3 

20 

1,887 

0 

13 

8. S.E. 28. N.E. 

' .Sept, 


3 

i 

tl 

: ''2' 

8 

7 

7 

0.439 

S 

17-1 

27. S.E. 28. S.E. 

„ oa*„ 

'.' : 

1 

I 

' ' 2 

1 

2 

3 

2| 

9 

15 

3,602 

6 

141 

6. S.E. 30. S. 

; 'ISIoV' 

. . I 

J 

: i 

:■ , 2 

3-1 

5 

3 -i 

14 

2.I4I 

8 

io| 


Dec, 

5 

1 

2 

; 0 

I 

■5 

i-l 


H 

6| 

0^959 

12' 

7 i 



t7\ 

TO| 

Is; 


27 ^ 

5° 

109 

126 

23.169 

59 

1441 



w- E A T,.H E R .-F O R" THE 'X % "A^R 1 . 

A froft, to^ the ;i ith,.; .wet to 1 4th, which 
■was' d^y. 1.15th wet; 1 6th and 1.7th .dry.; i..3th,,>vet, then 
‘dry then dry to the'' end ; 31ft 

afroft. ^ ' ' 

February. The and ad wet; the 3d, 4th, 5th 
ifofty,"' 'with "Tnow' o'h'the ?dfht;o£::th'e''la.ft',.;" ^ then 
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dry to the loth; fnow’d on nth and lath ; it was then 
dry to 1 8 til, when it fnow’d again ; and on 1 9th and 20th 
was dry; 2 ift it fnow’d, and after that was wet to a 8th. 

March. Wet to 3d, that and 4th dry; 5th wet, then 
dry to 9th, and after to the 13th; then wet to 2 ad, and 
on 23d; it was then dry to 29th; the 30th was cloudy, 
yet dry ; the 31 ft was wet. 

April. There was no rain till 7th at night, nor after 
till I ith; 1 2th was dry; 1 3th ftormy ; 14th fair ; 15th 
fhowery; 1 6th and 17th dry; on i8th it fnow’d; 19th 
fair; it was then wet to 26th, hut after dry to 29th; 
30th dry. 

May. The I ft was dry; it was then wet to the 5 th, 
hut dry again to 9th; the loth was fair, but afterwards 
it was wet to 19th; 20 th was ftormy, and wet continued 
to 2 6th; 27th was wet; 28th and 29th fair; ^pth wet; 
gift.dry. 

June. The ift was wet, but it did not rain till after 
8th; 9th was dry; loth and i ith wet ; 12th dry; 13th 


ftormy, as were 1 3th, 14th, isthj i6th, 17th, and 1 8th 
dry, but it rained in the night of the la*^^ a;fter that 
;ftormy'bO'2'4th,';'wHieh;.was>faft'3;it'^ wet' ; after tO,-!t}he 


f'! i 


:'end^ except 28 thv;'':' .f. 

July. Was wet every day to 9th, exeept 6th; 

I oth was fair, and eveiy,^t^, i ith, to .1 9th ; then 

"/ '■VO'L. LXVin. / '-f -Zzz’ ■ . ,-.j';f'‘MWet 
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wet to 25th ; a 6th dry ; reft wet. 

Aitguft. Was fair till the 5th, and after to the 8th ; 
the 9th, loth, and nth was dry; lath w^et ; it was 
then dry to the 21ft, except in the night of 1 5th ; aift 
and 2 2d were ftormy; the reft of the month was dry, 
hut rather cloudy, except on 28th and 30th. 

September had the 2 firft days ftormy ; it was then 
dry andfrpfty after 13th to the 19th; 20th was fair; 
and rain fell after and in fmail quantities .only on 2 5th, 
29th, and 30th. 

October was ^ternately fair and wet to the 8 th ; after 
that it was dry to 1 4th ; then wet to 1 9th ; then dry to 
; h 4 th Was wet in the evening ; 25th dry ; after that 
^et to the end and ftormy, except 27th. 

Movember, The ift was dry, but after that it was wet 
to the 7th, and, except 9th and 1 2tb, again till the 14th,. 
from which it was foggy, but dry, to 1 8th ; that and 
::F^.;wefe;iWt:|dt^/;w.as^after that ''dry 'nsdrfrofty'to' the. 

2 9th.'^and ", 

rainsfeil on'die' 

4t:h, it Wa&;froj8y':aid;d3Pf:-tetiiie:'r8t^^ 
rqth WM '^ilii'hrihow’4 .but was, afterwards' dry 

to , 24th ; ,2 sth 'the m 
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XXV . Journal of thf %Mntity of Rain that fell at Holme^ 
mar Manchefter, from 1765 to 1769 ; and at 
Baiowby, near Leeds, from 1772, Ya 1777. My 
• George Lloyd. 

Read February 26, 1778. 


Quantity of fain at Holme, near Manchefter. 


Jaauary 

F-ebiuary 

Maxell 


6 ec?liibeir 


1765 1766: i 7!&7 1768 1769 Average 


Inches 


0..9OP ^ ,, ^.333 
' 1. 799 ,, 3.8,11 
:0«gip ^' 4^1 


,i4,sa90 { Jlk07| 


Asiguift? ; 

••grpeeinber'' ' ■ *" •,2; r^f^. : ■ 



1.806 1.455 
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Quantity of rain at Barowby, near Leeds. 





*773 

*774 

*775 

1776 

1777 

Average 


Inches 

Inches 

Indies 

Inches 

Inches 

Indies 

Indies 

January 

2S.24 

■ 


2iO 

uo 

1.2 

1.84 

February 

2.79 

1.7 

2.0 

3-5 


0.7 

2.15 

March 

3'49 

0.3 

1. 1 

1.6 

*•3 

1.9 

1.62 

April 

1.^8 


1.4 

0.9 

0.9 

2*2 

*•45 

' May- ■ 

1. 20:' 

■ 4 -S ' 

**75 

0.3 

0.7 

1.4 

1.64 

y''':june ' 

3.20 

i <3 

2-3 

1.0 

2.98 

3-3 

; 2.34 


1.44 

0.8 

3-63 

6.1 

3-*7 

3-64 

3-0 

■:,''Augufl 

1.63 

1.82s 

2.0 

4.2 

5-0 

2.76 

2.9 

September 

4.60 

4-875 

3-5 

2.9 

3-47 

1.34 

3-44 

0£t;ober 

3.30 

1.875 

0.8 

4-3 

*•35 

4*75 

2-56 

•‘November 

3-75 

26 

1.4 

3*8 ■ 

' 3 ' 8 L' 

*•45 

3.64 

December' 

o.8p 

5.0 

2*1^ 

1.0 . ' 

' i.t 

*-S 

1.92 

Total 

38.82: 


24.18 

30.6 

27.04 

26.14 

37.50 
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KEPT AT THE HOUSE OF 

T H E R O Y A Lc S O C I E T 

BY ORDER OF THR 

p R E S u N C 1 L, 



METEOROLOGICAL JOURNAL 

for January 1778 . 


I’iiDcJ'Thcn’n. Xhcrm, Barorc. 
kvithoiis Within. - 




W cathcr. 


rm: 

Jaa* > S, o 
2 o 
^ 2 8 ' ' o 
'2 0 
' <2 8 ,0 


^ z 4 

si '8-' 6 

,4 

6 8 0 

:o 

78 o 
a o 
8 8 p 

2 0 
98 o 

,20 
10 8 o 
a o 
It -S':' Qh 
: a p' 
12 8 o 
2 0 
,3 8 0 
a o 

14 8 ,,o 
a o' 

15 8 o 

3 o 

16 8 o 

.Si-,* ^ 3' : O 


3L0 

32,5 

'32,0; 

.33.S 


■47,0, 

49»9 

4^|qtO 

404O1 ; 

57,^ 

4UO 

48,0 


inches. 

29,79 : 

29 84 

29«98 : 

29.98 

29.99 

29.99 
29,02 
29,80. 

v^agsjSi. 

^9,73- 

29,60 

29>58 

29,58 
29.57 
• 29,43 

29,43 

29.69 

29.70 

29,60 
29 5± 

, 519 j 36,. 
' a^jaS' 
29s43 . 
29 j 4I, 


Points, iStr. 


49,0;,:?^^ 

50,0 r39>9 


N 

NE 
N hy E 
NE 
NNW 

t" 

1 hlhy-'W 
NW 
N ■ 
sw 

NW 

N 

' ,N 

, W bv S 

: : N by'W 

. ■ E 

0,04^, m,.: 

SbyW 

. ■■■ '■ 'SW 

S' by W 
0,095 SW 
SbyW 

.Oj^Q'. $ 

h^'€ : 


I Cloudy. 

I Fine and frofty. 
I Frofty. 

I Fine and frofty, 
I ' Frofty. 

I i’'hie and frofty* 
I Frofty. 

1 Fair jSnd frofty. 
,i Froiiy. / 

■ '!' Frofty, 

/I Cloudy* 

"t l*’rofty. 

I Frofty, 

'I Frofty, 

I Frofty, 

I' 'Frofty. 

, 1 ' Frofty. 
t F'rofty. 

j r«ggy‘ 

I .'Ew. - 


1 ’ 

r.air., 
Fai'r.,, 
Fair. ' '■ 
Fine, 
bine. 
Fine. ■ 
Fine, 
R.8,iny, 
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METEOROLO-GICAL JOURNAi, 

for January 1778. 


Barom.l Ra 


an, 17 8 
2 

18 8 
2 

19 8 

a 

*20 8 
2 

2 1 8 
2 

22 8 

' ' ^ 

23 8 
2 

24 8 
. 2 

25 8 
2 

26 8 
2 

, , 27 8 

■ '' 2 

28 8 

; V 2' 

' 89 8 

■ . ■ 'Z' 


O 39.5 

o 455 ° 
o 44,0 
o 45.0 
o 56,0 
0 39,0 

O 32,0 

O 30.5 

O 33.0 

o 38,0 

0 35.0 
o. 34.0 
o 3 S>o 
o 39)5 
o 42.5 
o , 42.5 
O 35.0 
o 38,0 
o 34 .jO 
oj 36,0 
'.to ■ 3.6,0 • 
' 39 -»o 
O! 

o| 44 #'‘® 

■ Oj , 2 : 8,0 
oj'3Sito 

: o 27,5 
o 37,0 


39>5 

29,5 1 

S^jto 

29,70 

37,0 

29,68 

37^0 

29,61 

40,0 

‘29,54 

37 jO 

39.74 

39^5 

59,77 

4i>5 

29,43 

42,5 

29.50 , 

35>5 

30.15 

40,0 

30,21 ■ ; 

37>S 

.'30,25' 

38,0 

3®. *7':' ', 

37.0 

29»%5 

38,0 



NNW i 
Eby N i 

■ E I 

EbyN 
E 
SE 

0,027 E 

E by S 

■ NE 

NE 

0,040 N E 


Q^ioS 

0,069 


I Foggy. 
i" Fair, ' 

I Cloudy, 

I Fair, 
r Cloudy, 

I Rainy^, 

I Cloody* 

I Fair, 

1 Fair, 

I Fair, ' 

I Cloudy. 

1 Fair, 

I Cloudy. 
I Fair, 

I Foggy. 
[t ’.Cloudy, 
iv'Fai'ir," 

I "'Fine,' 

1 'Fair, 

I ^ Fin^, ; 

X Fair,. 

.j X Rainy, 

X ' Cfeudy,' 

X 


x 'Fair. 

I Fine, 

X Fine. 

r Fim# . 
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METEOROLOGIC At JOURNAL 

for February 1778. 


T^'iiuc.rrhcnn, Therm Bitrom- Kain* Winds, 
i without within. 


Feb. hJ 8 


' 2 

7 8 

■2 

8 8 
2 

9 8 
2 

10 8 
2 

11 8 
2 

12 8 
. 2 

13 8 
a 

14 8 
2 

15 8 

■ 2 

.» 46 ,. 8 

'' ,2 


'ST,;4o,a 

o 44 5*^ 

o 38,0 
O 46,0 

0 3S»S' 
o ,42,0 
6 - 29,0' 

' O ■' 

■"0^"‘'3S>5. 

S^'ShS 
o 38,0 
o :'36 ,o 
o 39,0 
0 28,0 
O 34>S 
o 31, S 

o 32,0 
o 32,0 
O '34(jO 
"0 14,0 
'0 , 3^0 
■;$ 33>0 , 
< V $$)S ; 

36. '33»o 
<> ' 
0 |i^o 

0 '34^'' 

d 38,0 

0 20,0,; I 

,0} 3I5 I 


Inches. Inch. Points. IStr. 


Weather 



37.0 

41.0 
39 >o 
40. S 

3<hs: 

34.0 

. 3 S»o 

33>S 

35.0 

3 SA 
3^>S 
33>5 
37>° 
32».5 
33'0 
, 33 >o 

34.0 

34>.$ 

30,0. 

''SM; 

: 33 »°''' 

, 3S>S. 

’'W"' 

3 fi$yr, 
■ 33»3 ‘ 


29.93 

29.77 

29.52 

29,46 

29,56 

29,61 

29,80 

29,88 

29,88 

29'.79 

29.77 

' 29,84 

129,87 
129 99 
129,98 
j 2'«93 
29,91 

29.95 

29.95 

29.96 
30,06, 
« 9 , 7 S 


?, 9»74 


^9.42 

• 29 , 42 ' 


S by W 
SW 

0,085 SW 
Why S 
NW 
■'NW 

, , ■ W by Ni 

; .WbyNl 
■■■'NWbyN 
■ W by N 
,NW 
NW 
SW 

S W by S 

■' ^’E 

N 

NE 

N by E 
■ E " 

■ ''N,E ,' 

o,o 88 ,I^E’bt:N 
: ■■ ' NEhyN 
0,067 ■ NW 
'Nne „, 
'0,1 10 NE 
"NE 

OjOSi-NEbyN 

, f - „ NE 


1 Fair. 

2 C.Oudy, 

1 Fine. 

I Fine. 

1 l'’air. 

2 Fine, 

I Fine. 

I Cloudy. 
I Fair. 
i Fine. 

^ r«ggy- 

1 1‘air. 


fN.by;W| 


1 Frofly. 

1 Fine and frofty. 

2 Fair. 

a Cloudy. 

I Cloudy, 

1 Cloudy, 

1 ;< 5 loudy. ' 

I,,' .'Snow, 

2 Snow.' ' ’• 

1 Snow. 

I Snow. 

1 Fair. 

I, Fine. 

*■ £?gey*: 

t 'Fine. ,y , 

■2,,Fiae.' ;, F' 

■i Fine.,,':' , , 
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METEOROLOGICAL 

JOURNAL 




for February 1777- 




rime, ' 

rhenii, 

vithout 

rherm. 

vithia. 

iarom. 

irain. 

Winds. 

Weather. 


H. M. 



aches. 

loch. 

Points, i 

3 tr. 


Feb. 17 

18 

19 

ao 

21 

22 

23 

M 

2i 

aC 

2' 

2I 

8 0 
a 0 
8 0 

a 0 
8 0 

2 0 

8 0 

a 0 
8 0 

2 0 
8 30 
2 0 
8 30 
a 0 
. 8 0 
, a c 
; 8 c 
a c 
) 8 c 
a c 
] 8 c 
a ' < 

8 8 3( 
0 < 

33 >o 

39 >o 

35 > 2 > 

27,0 

3 i»o 

27.0 

33^5 

29)0 

34)0 

40.0 

49.0 
47)0 
53)0 

48.0 

' 53=5 

1 44)5 
> 5 J=° 

) 4^)5 

3 56=5 

3 44)5 

5 59 )° 

3 43 )° 

3 «I.O 

34)5 ' 

3^)0 

34)5 

3^)0 

32.5 

34)0 

30)0 

33)5 

32.0 

33 )° 

36)° 

39.° 

40)0 

43 )° 

45)5 

48.0 

47 )° 

49 )° 

48.0 

, 53)5 

48.5 

52.0 

48.0 

40.0 

29 ) 3 ° 

29,26 

29,26 

29,26 

29,45 

29)49 

29)43 

29)33 

29,26 

29,21 

29,99 

29,08 

29»33 

29,43 

29)32 

29)43 

29,87 

29)93 

29,94 

29,94 

29,85 

29,83 

3°)04 

30,04 

1,079 

0 , 53 ° 

0,177 

0,051 

0,02c 

SE 

SSW 

SE 

NbvW 

N 

NEbyN 

ENE 

NE 

NE 

ENE 

SE 

WSW 

sw 

SSW 

sw 

sw 

s 

SWbyS 

S 

[SSE 

SSW 
> NE, 

I NE 

I 

I 

I 

I 

I 

I 

I 

1 

a 

2 

I 

I 

1 

2 

2 

2 

I 

I , 

% 

1 

i 

i 

1 

X 

Snow* 

Fine. 

Fine. 

Fine. 

:^'now. 

Fine. . 

Frofljr* 

Frofty. 

Snow. * 

Cloudy. 

Rain. 

Fair. 

Fair* 

Fine. 

Fair. 

Fine. 

Fair. 

Fair*' 

Fine. 

Fine. 

Fine* 

Fine. 

Fine. 

Fine. 


V6l,.LXVin. 






;/ 
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METEOROLOGICAL JOURNAL 

for March 1777. 



rime. ’ 

I'hcrm/ 

rhenm. ! 

Barora. 

Rain* 

Winds. 1 




^vltliout ^ 

iATitliin. 





Weather^ , 










H. M. 



inches 

Inch. 

Points* 

8tr. 


Mar/ 1^: 

8 G 

42 jO 

4 S.O 

29,96 


ENF, 

I 

Fair. 


2 0 

51,0 

48>o 

29,89 


i NE 

l: 

‘Fine* . 

2 

8' 0 

47^5 

48,0 

29,81 


E 

SW 

t 

Foggy* • 


' 2 0 

6'ijO 

SLO 

29.7s 


1 

Fine* 

3 

8 0 

50,0 

SLS 

29,78 

0,230' 

wsw 

1 

Rain. ^ 


; 2 0 

5^0 

S 4 >o 

29.83 

SW 

1 

Fair. 

4 

8 . 0 

48,0 

i $^,0 ! 

29)94 


s 

X 

Fair. 


2 0 

56,0 

S 4 vS' 

29,94 


: SE 

!■' 

Fair. 

5 

8 0 

4 SiS”,- 

SLS 

29,76 


ENE' 

1 

Rain. 


2 0 

5O5O 

52,0- 

29,72 


NEbyE 

',!• 

S' air. ' 

6 

7 30 

40.5 

48)0 

29,81 


NW 

I i 

S'^air. ' 


a 30, '45,5. , 

48,0 

29,79 


WNW' 

'I 

Fair* 

7 

8 30 

' 33 ^^ 

39,° 

29,83 


NE 

I 

Floe* 


2 G 

' 41,, a 

4 L 5 ‘ 

29,80 


N-E 

I 

Fine. 

8 

18 c 

' 3LS ■ 

36^0 

29 .S 9 


SW 

I 

Foggy. 


2 c 

( 42',0' 

42jO 

29.5* 


NE 

X 

Fair. 

' S 

1 8 c 

’ 37;° 

39.S 

29.37 


NW 

X 

Fair*' 


2 0 

395° 

40,0 

29.39 

0^063 

NE 

;x 

Clondj* 


, 7 30 

.'■a - 0 

3 L 5 : : 
' 39 »« 

3 Z '-5 

3 %S 

29.59 

29^66 

NNW 

..NE... 

X 

Fair.: ^ 

Fine* . ' 

n 

»'^.: 7 -:: 3 C 

' 3 hO 

3 SS.. 

29,76 


■ .NE," 

■ 

Fine*. 


'' 2 ' C 

' 4T4- 

" 2 ' 9,75 


ENE':', 

' t 

Fair*' 


f .7. 3c 

> 3 ^>° 

35 f 3 

29,7a 

n, 7 A' 


NE 

■'x ■ 

Fine*, ' ; ' 


\.,2 , „.C 

' 4 Q,S; 



...ne 

'J 

Fair*' 


i 7 

a G 

'■32,5 

> 42 , 5 -;' 

35’5 

38,5 

29,77. 

29^73 


S by E 
NW 

X 

Fine. ' 

Fine. 

' 14 

■ 7 , 3 ': 

^ ' 

' #>s- 

«#6 

0,383 

N by W 

1 

F'air* , 


2 C 

> 46,0.!:’ 

'■ 439 '^J'''' 


N by W 

X; 

Fine* 

^5 

7 3c 

' 4 S>o 




^■,,Sw 

'.'■''SW 

' l' 

Rain* 


. 2 C 

Sho 

46 ,( 3 “' 

29,% 

X 

S'air* 

16 

8 30 

47,0 

43,0 

29,01 

0,148 

ssw 

'2 

Rain*'' 


,20 

50 , 0 .. 

49j,o 

29 , 97 . 


"SW.'.,, 

2 

'Ram*,', 
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METEOROLOGICALJOURNAL 

for March 


Time, rherm. TliermJBaroin. Rain, 
without within. 


Winds. 


Mar. 17 7 30 
a o 

18 7 o 

20 

19 7 6 

a o 

ao 7 6 

2 o 

21 7 o 

2 O 

22 7 O 
2 O 

23 7 o 
2 o 

24 7 o 
2 o 

25 7 o 


Inches Inch. Points. IStr. 


Weathei 


29733 

29,62 

29,48 

'39,53 

29,47 

29,29 

29,39 

29,51 

29,74 

29,76 

29,96 

29,98 
3 < 3 ,t 5 
i 30,09 

30,04 
30,09 
29,88 
: aQjSi 

29^88 

29,94 

29,9s • 

29,96 

3 =^ 03 , 

3«^03 

'i 3 <W ?9 

30,09 
30,11 
" 39,04 
739^91 
■ 29,95 


0,106 W by S 

■ NW 

0,065 s w 

sw 
0,020 SW 
SW 

0,118 SW 
W by S 
0,025 WSW 

w : 
sw 

NW 

ISIE 

S by W 
0,025 SW 
SE 

Sby W 
SbyW 
S 

SSE 

ENE 

S 

NE 

■ sNE : 

■ 'NE , 

, i'N'bfE' 
\-NNE 

■ ' v' 'iNE 

■ ,;SE' 


2 Fair. 

1 Fine. 

1 Fair. 

2 Fine. 

2 RaiHi 

2 Fine. 

3 Rain. 

2 Fine. 

I Fine. 

I Fine. 

I Fine, 

1 Fine. 

I Cloudy. 
I Cloudy. 
I Fair. 

I Fine. 

I Fine. , 
1 'Fine. 

‘ I Fine. 

1 Fine. 

1 Fine. 

I Fine. 

I Fair. 

I Fair. 

1 vCloudy. 

1 'Fair.' 

,l < Fair. 

2 Fair. 

2 Cloudy. 
2 i Pair.' 
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METEOROLOGICAL JOURNAL 

for April 1777. 



Tniie. " 

fhcrni 

,'vxthout 

therm. 

within. 

3 arun'i. 

iain. 

Winds. 


H.M. 



Inches 

hich. 

Points. 

3 tr, 

April 1 

7 

0 

35.0 

38.S 

29,96 


NE 

2 


2 

0 

35.0 

39.5 

2g>96 


NE 

2 

2 

7 

0 

41,0 

42,0 

30,08 


NE 

^ , 


2 

0 

47,0 

45.0 

30,09 


NE 

1 

3 

7 

0 

43,0 

44,0 

30,10 


N by W 

I 


2 

0 

52,0 

47.5 

3.0,12 


■ NE 

2 

4 

7 

0 

40.S 

43,5 

30,20 


■NNE 

I 


2 

0 

J0;S.' 

40,5 

30^23 


',NE 

1 

s 

7 

0 

34.5 


30.3s 


" NE _ 

I 



0 

. 4^.0 

44,0 

30.35 


£ by S 

I 

6 

7 

0 

33^0 

38,5 

30,29 


N by E 

I 


2 

0 

48,5 

43,0 

29^24 


NE 

I 

1 

7 


37.0 

40,0 

30,13 

opio 

NE 

I 


2; 

- c 

47.0 

44,0 

30,13 


NE 

I 

8 

7 

c 

> 37,5 

40,0 

30,13 


NE 

I 

- 

2 

c 

1 46,5 

43,5 

30,13 


NE ' 

2 

s 

7 

c 

' 40,0 

41,0 

30,05 


ENE 

2 


2 

0 

49,0 

44,0 

30,07 


ENE 

2 

10 

7 

0 

42,0 

44.0 

30,12 


E by S 1 

1 


2 

0 

59.0 

49.0 

30,06 


E by S 

I 

II 

7 

0 

. 49,5 ■,! 

48,5 ' 

29,98 


E by S 

1 


2:. 

0 

62,0 ! 

53 iO' ' 

29,99 


■ . SW ■ 

I 

: xz 

; f 

0 

."SLS 

53,0 

29,83 

0,130 

S by W , 

I 


2 


.,60,0 . 

5&,5 

29,79 


SW 

■2 

J 3 

r 

0 

. 4^,0 “ 

51,5 , 

29,85 

0,038 

SW 

2 


2 

0 

57, .5 , 

:,S 5 ,o ^ 

29,88 


wsw 

2 

14 

• 7 

' c 

' 42,0 . 


30,06,. 


NE, 

2 . 


2 


' 43 , ’9-''; 


3 ^.io 6 „ , 


NE ' 

2 

IS 

7 

' c 

' 42,5 


39 , 19 ;.. 

'4$4S, 

NNE , 

2 , 


' 2 

0 

47.0 

49^0,^: 

gdjM- .. 

NE; 

%■' 


7 

0 

30,0 

46,0 

30,26 ' 

OjOIO 

NE 

. 

1 

2 

0 

49,0 

48,0 

30,20 


NE , . 

X. J 


Weather. 


iCioudy. 

'Fine* 

Fine. 

Fair# 

Fine. 

Fine* 

Fair. 

iFine. 

Fine. 

iFine. . 

Fine. 

iFine. 

Fair. 

Cloudy^. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fair. , 


Fine. 

Fine. 

Fine., 

Fair. 

'Ftk. : 

Clqndy. 

Fair. 
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METEOROLOGICAL JOURNAL 


for April 1777. 


Time. I hemi.lTherm, Barom. Ram. Winds, 
without within. 


W eather. 


7 o 37 
a o 51. 

7 38 

2 O' 45 

7 o 35 

2 O 4 Q 


Inches. Inch. Points. IStr. 


NE 
EN£ 
NE 
NE 
NNE 
Eby N, 
SE 
SE 

I SbyWi 

sw 

> sw 
sw , 

I sw 
sw 

;WbyN' 
W by N 
W ■ ' 
", W' ■■ 

-WbyS 
Wby N 
NE ' 
NE 
E by S 
' NE • 
EbyS 
EbyS 

> EbyS 
EE' " 


Fair. 

Fine. 

Fair. 

Cloudy. 

Fine. 

Fine; 

Fine. 

Fine* 

Rain.. 

Rain,. 

Rain. 

Fair.. 

Fair. 

F,irie4 

Fair.'. 

Finei. 

FiiOe.: 

’ Fair.,, 
Fair. 
Fine.i 
' Fii^e..'’ 
Fine. 
Fair. 

' Fair. 
Fine. 
Fair. 
Rain. 

. Fair. 
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METEOROLOGICAL JOURNAL 

for May 1777. 

- 

rijiic.r' 

fheruK 

rhcmiJ 

i]aroau 

Kaiii, 

Winds 





\ 

vithout 

Arkliio* 


















H.M. 



IB 





May 1 

■1 

b 


:S 3 >S 

29.5s 

0.137 

ssw 

I 

Cloudy. 


^ % 

'O 

64,0 

S6,S ' 

^ 9?47 


S by E 

I 

Fine* 



0 

55.0 

;SM 

29.34 


S byE 

I 

F air. 


2 

'b 

S 9>3 


* 9.34 


SSW 

1 

Fair* 

■3 

7 

0 

54,6 

S 7 iO 

*9.33 

0,07s 

WNW 

2 

Fine^ 


2 

0 

6 l 5 . 

iS 9 >o 

*9.39 


SSW 

2 

Fair* 

■4 

■7 

b 

S LO : 

iS' 3»0 . 

29.41 

0,2 1 6 

• SE ■ 

I 

Rain* 


,2 

d 

62,0 

k 

S 3 iS 

*9.38 


sw 

1 

F'ine. 

■ 5 

7 

Q 

.'S 3 :? 5 , 

37 A' j 

29.07 

0,030 

S by W 

I 

Fair, 

1 ' ^ 

2 

0 

:6i,o 

38,3 '• 

29,76 


SW 

I 

FinCi 

1 6 

7 

d 

.Sh°: 

1^ 

29,81 

0,030 

SE 

1 

Fair, 

r ' 

^ 2 

0 

6s,o 

IS 9.0 

29.74 


SE 

I 

Fine* 

7 

7 

0 

.iiiis : 

„ 

29.8s 

0.033 

W byN 

2 ' 

Fine* 


2 

0 

mm 

39.0 . 

29,91 


W by N 

1 „ 

Rain* i 

i , 8 

7 

0 

Sho : 

'SS-.S ' 

30.1s 

0,01 i 

sw 

1 

Fine. 

1, 

a 

c 

66,0 ■' 

39.0 

30,13' 


,;:SW 


Fhie* ; 

; " , S 

7 

c 

54 ?S 

; 55 .o,. 

'^ 9 ^ 9 ^ 3 ' 


•NE 

1 

Fair* 


2 

c 

6zp 

59^5 

29,92 


.NE 

1 

Fair* 

xc 

7 

c 

47,5 


S43S 

29,88 

1.490 


2^'., 

Fair* 


:2 

0 

6 o$o 

\S 7 A 

SOiOa " 


■NNE 

1 ^ 

Fine# 

.‘II 

7 

b 

J 3 »o 

\SSA 

39,08 

*' 

N.byW 

,1 ^ 

Fke* ' 

1 * ' 

2 

c 

6 ( 31 ^ 0 ' 

38.0 

30,04 

, 

■NW ■ 


Fair#' 

: 12 

7 

b 

: 47 .j '0 ' 


S 4’0 

30,00 

p,d:£0 

■NW 

1 , 

Fine# ■ 


2 

' c 



SSfS ' 

30.03 


■MW ' 

I', 

Fine# 


t 7 

c 

, 5 ?jS 

34.0 . 

.30,00 

OiQtO 

SSW 

' 1 

Fine*; 


2 

c 

oOiO . 

;S 7 >o 

29,86 


ssw 

2 

Fair* 


r '7 

e 

.t 49 iS^ 


35 . 0 . 


0,04a 

wsw 

1 

Fair* 


2 

'ci 



57.5 > 

? 9 . 48 ,' 


■SW , 

1 .. 

Fair* ' ; 


?: 7 

„.'c 

.-4745-^ 


3SA'^ 

'49t'3S' " 

I 

: '.;SW 

'■ 

Rain* ■ . ■ * : '■ 

i 


m 

52>o 


56,0 


' '' ' ■' 

SW 

1 

Rain* ' 

: j6 


I 

48^0 


ShS 

; 29,40 

'0,238 

i , ME 

I' 

Rain* 



1 

S- 3»5 


55.0 

29.44 


NEbyN 

''I 

Fair. ' ' ' ' ' ' 













MET.EOROtOGIC AL, JOURNAL- 

for May I 777 ‘ 


iMayiy 7 


Time/ 

rherm.r 

without 1 

rherm.lBarom. Rain. 
;vithin. 

Winds. 

H.M. 


Inches Inch, 

Tk 

Points. IStr. 

.-T'T' 1 1? T T 


Weatier. 


o 54,5 
o 44?^ 

0 60,5 
o 5i’S 
0 58,0 

0 47,° 

0 53,0 
o 46,5 

o' 59,0 
. o 50,5 
o 63,0 

30 Shs 

o 63,0 
O 53>° 
o 57, S 
o' 51,5 

1 o 63,5 I 
' 0 52,0 

t of 53,° 

? o 53.0 

2 0 66,5 
7 o 58,0 
2 o 67,5, 
7 o 51,5 
2 0 61^5,,, 
7 0 57,0, 
2 o 64.0 

7 0 '5:9,0 
a 01^.70.5 


54.0 29,67 

52.0 29,77 

54.0 29,77 

53.0 29,77 

56.0 29,73 

54.0 29,60 


56.0 29,86 

54.5 29,82 

58.0 29,80 

55.5 29,78 c 

58.5 29,83 

57.5 29,63 

58.0 29,5s 

57.0 29,57 ‘ 

62.0 29,57 

57.0 29,77 ' 

58.0 29,85 

58.0 29,91 

60.5 29,95 

60. 5 30,06 

63.5 30,22 

53.0 ,3%20 

■' 6ov5:':> 30,20 ■ 

60.0 30,12 
-59,0 so, 06 

60.5 30,13 

:! 64,0 1 30,09 


NE by N 
NW 

wsw 

SE 

\ m 

0,7281 NE 
NE 

0,410 NNW 
NNW 


SbyW 
WSW ’ 
lo,i8o SE 
' SW 

S 

NW 

o,oioSWbW 

SW 

0,038 NNE 
’ ^ ' NE 


SW 

SW 

N by E 
NW' 
NE 

■ 'SE '■ 

E 

SE 

SE 

SE 


I F^ir. 

I Fine. 

I Fine, 

I Fair. 

1 Rain. 

1 Fair, 
i: Rain. 

I I . Fair. 

I Fair, 
i 2 Fine. 

I Fine. 

I Finei 
I Rain. 

I ' Fair. 

' I ■ Fine; ■ 
I Fine.- 

1 Fine. 

2 Rain. 

I Fine. 

, I Fine; 
y j Fine. 

I Fine. 

I Fair, 

' ' I : Pine. 

1 ' Fine. 


j Fine. ■ 
1 Fine; 

I Fine; 


M-ETE, 


1. 584 ] 


meteorological journal 

for June 1777 * 


"Time. Therm. Tliemi. Bavoitv. 
without within. 


iRain. I Winds. 


Weather, 


H.M. 


June I 7 
2 

27 


o 66,0 

O 54>5 
o 67,0 
O 53,0 
o 60,0 
O ^0,0 

0 SS>S 
o 4-7j5 
O'. 5 , 40 ; 
,o;.:49jS. 
" 0 ' S40 ■ 
o + 7 >S 

O 0 P ,0 

O ' 56 , 0 , 

0 .; .14.0"’ 

O .. 04,0 
O S7.0 

o 6 x ^0 

o 58,5 

o 63,0 


Inches Inch. Points. IStr. 


30.31 

30 . 9 

30.01 

29,98 

29.97 

29 . 9 s 

29,88 

29.77 

29,75 

.29,76 

29 . 7 f 

29,716 

29,72 

29.^5 

■; 49 ;' 76 .'" 

: 29 .% 

i9,86 

29,84 


S 

wsw 

w 

, wsw 
S by w 
SE 

SbyW 
■ bW. 
Nby W 
NW 
NNE ' 
NE 
ENE 
NW 
, NW 
NE ; 
N by W 
NNE 
NNW 
NW 

0..3. E S 

0,110 NNW 

' ^ 

' SSW ' 

■ sw 

0,174 W&W 
■ SW ' ’ 
^5,r69:S^byW’ 

’ : 'S^by.W 

0,049 SbyW 


I Fine. 

'i Fine. 

I Fair. 

I Fair-. 

,i Fair. 

I Fine^ 

I Fine* 

I ' Fine. 

I Fine. 

I Fine. 

I Fine. 

I Fine. 

I Fine. 

I Fine* 

I .Fine. 

1 Fine* 

2, 'Fine. 

2 Fair* 

1 'Fair* 

'I; Glomly* 
x'' Fair. 

I .Flam* 
x.^Fair* 

‘ I Fine* ' 

1 Fine. 

Fair* 
a Fine. 

I Fine* 

.' X Clondy^ 
. ’ 2 Raid., 
j I Clondy* 

' 2 Rain* 
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meteorological journal 


for June 1777- 



— . — : 

1 

rime.n 

V 

fherro. 1 
/itliout y 

"herni. E 
athin. 

arom. 

uain. ! 

Winds, 

- Weather, 

I 

LM. 



Inches 

nch. ! 

Points. Stt 

‘1 

Juaeiy 

18 

19 

20 

21 

22 

23 

24 

,2i 

2< 

2^ 

2I 

' ' 2 

'' '' '^'3 

7 0 

2 0 

7 0 
2 0 
7 0 
2 0 
7 0 
2 0 
7 0 
2 0 
7 0 
2 0 

7 .0 
2 0 
7 .c 
2 c 

; 7 c 

2 C 

> 7 

2 < 
;r 7 ( 
2 « 

8 7 ' 

2 

9 7 ", 

' 2 

0; 7 '.' 

1 2 

58.0 
63 >S i 
S 4 >S 
66,5 

5 h° 

61.0 

S7»S 

63.0 

S 7 =S 

67.0 

60.0 
62,5 
52»5 

- 59 >o 
' S 3 »S 
) 60,0 

> 53 .S 

5 65,0 

3 61,5 

3 7 °>o 

3 5655 

D 62,0 

0 5 S»o 
0 66,5 

0 ' 4 h°, 

0 685O 

0 

61.0 2 

64.0 c 

60.0 ; 

62.5 , 

61.5 

63.0 

62.0 

65.0 

62.0 

65*0 

64.0 

64 >S 

60.5 

62.5 

60.0 

61.0 

59=0 

61.0 

62.0 

64.0 
62,5 

62.5 

60.5 

62.0 

61.0 

, '64,0:': 

' |:"6446f 

•9=73 

19,81 

50,10 

30,17 

30,14 

30=05 

29=74 

29,66 

29,72 

29=77 

29,74 

29=74 

29=83 

29,90 

29=97 

20,11 

30=35 

30,42 

30,14 

29,99 

29,76 

29=77 

29=99 

29,85 

29,89 

29=83 

29,70 

0,215 

0,377 

1,109 

0,176 

0,344 

o,4o« 

o,a6c 

0,0 1< 

0,13 

0,09 

SW I 
SW I 
WSW I 
WSW I 
SSW I 
SW 2 

SW 1 

SW j 
W ] 

w 

W by S 
SW 
NbyE 

E by S 

1 NE 

NE 

, NNW 
NW 
SW 
SW 

jSWbW 
NW 
, NW 
SW 

w 

SW 

2 W by. s 

SW 

Cloudy^. 

Fine. 

Fair. 

Fine. 

Cloudy. 

Cloudy.' 

Cloudy, 

Fine. 

Fine. 

Cloudy. 
i Fine. 

I Rain. 

I Cloudy. 

I- Cloudy. 

I Fine. 1 

X Fine. 1 

I Fine. 

I Cloudy. 

I Fine. 

I Fine. 

I Fine. 

I Cloudy* 

■| Fair. ^ , 

X 'Fine*, 
t FalrF^ 

, ,2' Fair. 

I Fair.. , , 

■ t Fine, U. 

' 


you. LXVill. 
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METEOROLOGICAL JOURNAL 

for July 1777* 


1 imc.j 1 hcnri. Tlii-'nii. 
i without within. 


H.M. 


Bai'ont. fkain. 1 Winds. j 


Indies. Inch. Points. iStr. ; 


;0 '58,0 
0 -61,0 
o 58,5 
o 68,0 , 
o 61,0 
o 63,0 

■0 57,, o 
o 64,0 

O SS,o 
■O «4,S 

o 5*8,5 
o 63,0 
o 60,0 
o 57,0 
o 

o 61,0 
O 55,0 
o 58,0 
O 54 jS 

o 59>S 
0' :64,0' 

" O .%,,s 

O' :|8,o, 

0, 04,5, 
0 

o 6%5.' 
o 76,0 
, o 67,5 
o 8i,o 


58.5 
59>o 

58.0 

60.5 

61 . 5 

65.0 

66.0 

68.0 

68.5 

70.0 

.68,5 

^M,0' 

J'l/w 

..yai® 

7^,0 

74.0 


49,70 

49-57 

29,68 

29,72 

29,72 

29,66 

29,47 
"i 49,58 

: 49,53 
29,61 
30,00 

30,07 

30,05 

29,88 

29,82 

49,85 

30,14 
■ 30,23 

30.33 
30,39 
30,39 
30,37 

30.34 
'30,34 
'$°y3r 
3 P ,39 
•3ci,4o 

.■:3P»45, 


'3W 

34,22 


0,374 SSE 
E hy S 
0,702 WSW 

sw 

0,120 sw 

'■ . SE 
t),48o S by E 
„ , W 

10,154 s ^yW' 
SbyW 
0,031 SW 
WSW 

sw 

sw 

0,2Q1 W 
N 

0,023 NNE 
NW 
N 

NbyW 
’■ SW 
■ ' NW 
' ■ SSW ' 
sw 

NNW 
' ,NW 
W by N 
SW 

WbyN 

' ' '1 NE ' 


*/ " 

I Cloudy* 

I Fair* 
i Fair* 

I Fiuc* 

1 Rain* 
a Fine* 
i' Fine* 

2' plain. 

I Fair. ^ 

1 Fair. 

X Fine. 

I Rain. 

I Cloudy. 
I Fine. 

I Cloudy* 
I Cloudy. 
a' Fair. 

I 'Fair, 
x, ' Fair* ' 

I Fine. 

' I' Fait* 

I .Fine*, 

I' Fine* 

I ;Fine* 
x' Fine# 

I' Fine# 

X Fine. ' , 
I, Fine* ' , 

■ I , line# 



SS 7 J 
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MKTEOB-OLOaiCAL JOURNAL 

for July 1777. 


Time. Therm, Therm. Barom, Rain, Winds, 
I without within. 


Weather* 


Inches. Inch. Points. 


July 17 7 

18 7 


22 7 
2 

23 7 
2 

24 7 
2 

'■25 7 

2 

26 7 
2 

27 7 
2 

aS 7 


o 6630 

O 845O 

o 64,5 
o 79,0 
O 65,0 
o n.o 

O 58,5 

o 65,5 
O S 7 >o 
o 60,0 
o 56,0 
0 67,0 
o 63,0 
O 73 >° 

0 58,0 
o 68,0 
0 33.5 
o 62,0 
O 54 >'o 
o 60,0 

O 56,5 

O 6^,5 
o 57,0., 
o 68,0 

Or 5 ^ 5 ' 

.0' :6o,Ov 
O S 7 '^S' 
o 67^0 
O 58,0’ 
oj Sa^o' 


72.5 

74.0 

73.5 

75 . 5 

72.5 

73.5 

69.0 

70, S 

63.5 

I 67,5 

^3,5. 

66.0 

64.5 

68.5 

67.5 

67.5 

62.5 
64,5. 

60.5 

6a,o 

60 . 5 

63.5 

61,0 

63 ^' 5 , 

6a, 5 

•■''63-, 5 ';’ 

63 , S-' 

64.5 
: 021,0 
.64,0 


30,04 

29,97 

29,92 

29.90 
29,81 
29,81 
29,60 

29^73 

29,56 

29,59 

29.87 

29.88 

29,73 

29,67 
29,58 
29,55 
29,71 
29,79 
29,94 
■29,9 s 

29.91 

29.89 


a 9 ,s 2 

a 9 ,si 

^ 9 x 3 ^ 


S o 

SW I 

N I 

NW I 
WNW I 
NW , I 
i,iao N I 
' NW I 
1,194 HE 1 
NE X 
0,235 NE by N ^ 
SE I 
0,045 SSE I 
SW I 
SW X 
SW 1 
o,i7;«9} HNE . • X 
' ' NNE' I 
NbyW 2 
NW '1 
■ W-bv'.N I 
; s#' I 

0 , 0 l 0 :S:WbW: I 

SW'- ■ I 
Q,a66SE1^f;S ‘ X 

0,181. . ' SW ' ' . X 
SE; I 
' 0,300: SEr 3 


Fine. 

Fine. 

Fine. 

Fair. 

Rain. 

Fair. 

Rain. 

Fair. 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Fair. 

Fair. 

Cloudy* 

Cloudy* 

^ Eh>e.. 

Cloudy. 

Fair. 

^ Eair. 
Raln> ^ 
Fine. , ; 
; Fair. 
GIpiidy. 

Cjoitdy^ 

Raiu. 

Rain. 


4 S ^ 


*MET&* 
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METEOROLOGICAL JOURNAL 

for Auguft 1777. 



rtmc» ' 

rhcni 3 » 

1,'lici ni. 

Lkirotii. 

Rain-. 

Winds, 



r 

vitiiout 






WL'atbcr. 


EL M. 



[aches. 

(nclu 

Points. 

Str. 

Aug. 1 

7 

57,0 

62 jO 

29,6 1 

0,366 

SW byS 

I, 

B'air. 


a 0 

6d,o 

65,0 

29,6s 


sw 

I 

Fine. 

a 

7 

S^jS 

63,0 

29,86 

0,010 

W by N 

I 

Fair. 


a 0 

6ap 

» 3 ,S 

29,98 


N,W 

I 

Cloudy., 

3 

7 0 

55,5 

61,5 

30,17 


NNW 

I 

Fi'ne, 


a , 0 

67,0 

63,5 

30,®3 


NW 

I 

h'iiic. 

4 

7 0 

■ 57 , O' 

62,5 

30,24 


Sby W 

I 

Fine. 


a 0 

7 M. 

65,0 

3*, 1 8 


SW 

I 

Fine. 

s 

7 0 

58,5 

63,5 

30,04 


SW 

i 

Fair; 

6 

a, c 

65,5 

65,0 

29,97 


SW 

i 

Fair#, ' 

7 - 0 

' 

62,0 

29,95 


Sby W 

I 

Fair;. 


a 0 

70,0 

65,0 

30,01 


SW 

1 

F air. 

7 

7 0 

S8,o 

63,5 

30,09 


SWbS 

X 

Fine. 

8 

a c 

7 ®, 5 

67,5 

30,05 


^ SW' 

X 

Fine. 

7 c 

' 63,5 

65,5 

29,84 


, ss w 

I 

Fair. 


a c 

. 82,0 

70,0 

29,84 


ssw 

X 

Fair. 

■: 5 

f ' 7 0 
a' 0 

’ 67,0 
! 69,0 

09.0 

71.0 

29,63 

29,78 


sw i 
sw : 

1 

X 

Fine. 

Fair. 

; . jO 

» ' 7 ' '0 

59,5 

64,3 

29,98 ; 


sw 1 

I 

Fine, . 


a 

1 70,0 

63,0 

30,04 


sw 

I 

Fine. 

' ■ 

'' 7 . ^ 

6i',b 

66,0 

29,97 


SSE' 

X 

Fine. 


a c 

' 75 , 5 ' 
’■■65,5' 


29,94 1 


sw 


Fine. 

' 

^ 7 ' 'C 

■68,3 

30,01 


sw 

% 

Fair. 


a- ,,c 

’ 77,0 

72,0;/. 

30,01 

■ 


SWbW 

1 

Fair, 

, , 15 


► , 6 i 2 'j 6 „„ 

> 73,0 


0,020 

.. NE 

1 1 

Cloudy, 



7 hS 

30,29 


NE 

1 

Fine- 

, 

, 7 c 

'"v-'' 6 a, 5 ; 


^0,3^ ■ 


wsw 

1' 

Fine, , ' 

IS 

a c 
' 7 c 

) 78,0 ■ 

> 60,5 

7 «,o,„ 
70,0 ' 

■sofSi 

i|oi26v‘ 


-'SW 

^W'byS 

t 

1 \ 

Fine. 

Fine., ' 

16 

a c 

f >5 

72,5 

30,24 


WNW 

*, i 

,'I 1 

Fine, ' , 

\7' 0 

OlfO 

78*0 

: 70,0 

30,15 


'SSW' i 

1 i 

Gloudy, . 


a 0 

74,0 

[30,15 


W by N| 

' 1’ i 

Fine. 


MITE- 
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METEOROLOGICAL JOURNAL 

for Auguft 1777. 



Time. 

I herm, Thcrm.lBaroni. 
without within. 

Rain* 

Winds. 


H.M. 


Inches 

Inch. 

Points. Str. 


Weather, 


Aug. 1 7 7 
18 7 


o 62^0 

o 74,0 

o 62,0 
o 7O5O 
o 59,0 
o 7c,o 
o 59,0 
o 80,0 
o 64.5 
o 68,0 
o 66,0, 
o 6g,a 
o 6x,o 
o 69,0 

O 58,5 

o 74,0 
o 63,0 

o 74,0 

o 64 o 
o 76,0 
0 S6,S 
0 73*0 
o S 9 >S 
° 7 .h° 
0 64,0 
o 70i,o 
o 5 , 5,0 
o S 9 >S 
o 56,0 
oj 6 o»5 


30314 

33 'io 

30,07 

30,16 

30,09- 

30.05 

30.05 

30.05 

29.83 

39,78 

39,86 

29.93 

30,09 

30,12 

30,0s 

29.98 

29,95. 

30.03 

30,20 

30.31 

30,4s 

30.43 

30,26 

30,14 

29,9s 

;39»92 

29»93 

29,73 

29,50 

29,78. 


• NW 
NW 
- NE 
NE 
. NE 
SE 

' ENE 
NE 

SWbvS 

SW 

SW 

WbvS 

ws'w 

SW 
SW 
SW 
. SW 
SW 
' SW 
' SW 
■ NE 
SE 

lEbyS 

W bvS* 
-NW' 
KE 
■' SSE' 
WNW 
NWa: 


I Fair* 

I Fine* 

I Fair. 

I Fine. 

I Fair* 

I Fine* 

I Fine. 

I I'ine. 

14 Fair* 

1 Cloudy. . 

2 Fine.- 

2 Cloudy. , 

I F air. 

I Fair. 

0 Fair. , 

2 ^ : Fine. 

1 Cloudy, 
i: Cloudy. 
I F^ir." 

I Fair. 








I 59 ° 3 
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meteorological journal 

for September 1777. 



Time, 

Therm' 
with oil t 

Therm, 

within. 

Barom, 

Rain. 

Winds' 


Weatl 

H. M. 



Inches, 

Inch. 

Points. 

Str. 

Sept. 1 7 

7 

0 

47,0 ; 

54,5 

30.19 


by W 

1 

Fine. 


2 

0 

68,0 ^ 

6O5O 

30,19 


SW : 

t 

Fine. 

18 

7 

0 

S 6 ,S 

59,0 

30,15 


bE 

I 

Cipudy#*. 


2 

0 

72,0 

67,5 

30? 1 21 


S^E 

l 

Fine. 

19 

7 

0 

ShS 

60jO 

3O508 


SE . 

I 

Fair.' ; 


2 

0 

• 70,0 

62,5 

30,01 


SE 

I ' 

Fine*.. 

20 

7 

0 

S'>,o 

61,5 

30,0s 


TS!E 

I 

Fair. 


2 

0 

61, s 

61,5 

3C5 1 ^ 


IvTE 

1 

Fine, 

21 

7 

0 

47 >o 

56,5 

29,96 : 


N’E 

1 

Fine. 


2- 

0 

59,0 

60, s 

29,84 


NE 

] 

Fine, 

22 

7 

0 

5ijO 

58,5 

29,69 


W by S 

I 

Fine* 


2 

0 

6O5O 

60,5 

29,79 


NW 

I 

h’ine*.-. 

23 

7 

0 


55,5 

29.99 


SS'vV 

I 

Fine, 


2 

0 

1 60,0 

58,0 

30,03 


N W 

I 

Fine, 

24 

7 

0 

48^0 

54,5 

29,97 


ESE 

t 

Foggy. 


2 

0 

63,0 

57,0 

29,92 


SW 

I 

Fine. 

*5 

7 

0 

49>5 

S 5,5 

29,82 


E by N , 

1 

Fair* 


2 

0 

67,5 

58,5 

29,82 


,SW ' 

1 

■Fine*,, 

26 

7 

0 

.56,0 

58,0 

29*74 


SE 

t 

Fine*’, 


2 

0 

75,0 

66,0 

29,71 


SE 

I' 

Fine. 

27 

7 

0 

60,5 

64,0 

29,90 

0,220 

S byE 

I 

jFair, 


2 

0 

72,0 

66,5 

29,9 1 


S by E 

1 

Fine*-, 

28 

7 

0 

62>S 

65,5 

29,99 


, E 

1 

'iCIoudy* 


2 

'0 

76 >S 

70,0 

30,00 


. ENE 

I 

Fine..,, 

29 

7 

0 

.60,0 

66,5 

29,94 


NE 

I 

iFine. ^ 


2' 

"0 

69 >s 

68,5 

30,02 


SW 

I' 

ICloudy*.. 

30 

' 7 ' 

.0 

. ■ 5:7^0. 


30*2;0.’'? 

0,073 

SE- 

't 



2 

'0 

1 67,0 ■ 

68,0 

30,06 


s-E; 

1 

Fine*^ 
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meteorological journal 

for Odober 1777. 


Time, Therm, Therm< 
without within, 

Ih.m, 


iBarom.lRain. 1 Winds. 


Inches Inch, Points. iStr. 


Weather, 


0 53^0 

o 6 o '50 
o $1^0 

0 S.S5O 

o 44><^ 
o 52,0 
O 44»s 
o S6 j 5 
o 39>5 
o 41,° 

° 35,5 
o 45,° 
o 40,0 
o 52,0 

0 44^5 
o 52,0 
o 47, <? 
o 

O 53,0 

o 59,0 
o 

0 

'0 

0 

' o' S^''' 

° i‘3,S' 
0- 5%S' 
0 4§j^ 


29,71 

29,74 

29»93 

3O3O2 

30,14 

3°,^5 

30,20 

30,18* 

30,22 

30,16 

30* “ 

30,04 

29,81 

^9’75' 

29,78 

29,81 


29,71 

29»*9 

H,4^ 


0,087 sw 

sw 

0,992 N by E 
NE 

o,oi8' NW 
NE 
ENE 
NE 
E by S 
. ENE 
ENE 
SE 

EbyN 

' ''SE ' I 

0,034 ssw 
sw 

S.W"'' :• 

: SW 

^ SW 
■ .0,010 SW 

■ ; ■ sw 

, :SSW 

.'SW,; 

0,1223 S'byW 

NE 

0,497 S by E 
SSW 
0,740 SSW 

i,.SWL, 


I Foggy. 

X Fair. 

1 Fair,' 

I Fine, 

I Fine. 

I Fair. 

1 Fine. 

2 Fine. 

2 Fair. ' 

2 Fine. 

I Fair. 

' t Finer. • 

1 Fair. ; 

t Fine. 

T Rain. 

•j Fine. 

|i 4 ' Fair* 

.2'' Fiir, 

I r- Fair. ' 

■S Cloudy, . 

1" Cloudy. 

: X ram 

X Fair.;, ' . i 

, 1; Fine.,:-, ^ 

% d^u< 3 y.' " h ? 

2 Eaiay, . j 

3 Rain. ^ ii, 

f, y' 


4i'‘ * 


.voL^.n^rviiL 


..’,y'i:MkTE« 
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! iroe. rh'^rnuTbarm. . 
without within. 


Winds, 


H.MJ 


Inches Inch. Points, 




Weather, 
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MfiTEOtvOLOGlCAL JOURH AL 

for November 1777^ 


TimcJl’heraT 

withoutl 


riierm. 

within. 


h.mJ 


Nov. 1 7 
18 
19! 
2 , 0 ] 
21 
22 ' 


24 

..as' 

26 

27 
28^ 


29 

3 ^ 


8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

'2 

8 

2 


0; 

oj 

o' 

0 | 

0 | 

o 

O' 

oj 

O' 

o| 

o| 

o 

o 

o 

o' 

o 

o 

o 

0 

01 
o 
0 
.6 

0 

; 0 

; 0 


38 jQ 

50.0 

4 -h 5 

52,b 

48.0 

52,5 

4 b 5 

4 S »5 

49 >° 

54>5 

48.0 

S2>0 

4 S>o 

48 iP 

4 5.0 

.37, 

4 5.0 

■42,0 

4 §jS 

46 jS 

S0>0 

39.0 
4 i»o 

51.0 

4 ^ 9 ; 

49 .S 


Baroui. 


Rain. 


40.0 

42.0 
42, b 
■ 44)5 
44)0 

46,5 

46.5 

47 )S 

49.0 

50.5 

50.0 

5 1 .5 

sop 

49.5 

■ 44,5 

44.0 

41.5 

42.0 

43.0 
' 4 S.S 

46.0 

47.5 

46,0 

46*0 

40.5 
4*»o 
.' 43 . 5 ' 

45.5 


30,35 

30,38 

30,30 

30,30 

30.25 
30,15 

30,20 

30,20 

30,20 

30,17 

30,22 

30,^5 

30,01 

30.03 

30,11 

30,17 

30.26 


Wincls* 


nclies. Inch. Points. IStr. 


30,2-1 

30,15 

29.91 

29,82 


30,05 

|? 9 l 294 ., 

29,26 

29,12 


WbyN 
ISIVV. 

sw 
■sw 
wsw 
■sw 

W byN 
NW 
6 ,ois'SW by Sj 
SW 
WbyS 
W by S' 
o,o63lN'bvW' 
-N! W 
NW 
NW 
W by'!' 
iVbyN 
^SW 
SW 
NW 
SW 

NWbWl 

nnw 

ssw 

-"SSW' 

sw 


0,133' 


0,115 


Wcathct. 


Koggy. 

Fiii-a, 

FaiV- 


I '] 

* ail*. ' ’ 

% 

^oggy* . 

I. 


I 

fair. 

I 

"ine* 

X 

Cloudy. 

I 

Cloudy* 

X 

Fair. 

I 

Fair. 

1 

Fair. 

I 

Fine. 

I 

Fair. 

I 

Fine, 

I' 

Fair. 

'l' ■ 

Fair. 


'Fair. ' ' - 

t 

Fair. 

71 

Fair. 

, -t 

Fine, 


Fair. 

-2 

'Fine*'' 

X 

Foggy. 

X 

Fair* 

2 

Fine. 

3 

Rain* , i ^ 


; ■■ ■ ’•i, 

. - , . „ ■ , ‘‘w . ■; K. 7 




,41 


IBSti- 
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for December 

tfuTeTmKwT j 

witi’Oiii within. \ 



4 8 ' 
1 2 ' 

5 8, 

, 2 
:6 -8 

' ,2 - 
7;-8 

. '2V 

8 8 

''2 

98 

2 

10 8 

, : ' U 

2 

; . 12 8 

2 

; i3‘8 

2 

■ 14 8 


° 3,7 jS " 
o 4o-,t>' 
o 39 j,S 
o 43»S' 
o - 34,0 
o 44.c>' 
o 48>P , 
O : 42,0 
< 4 . 34 >P: 

G'3|,o . 

0! 39*5 
0 36,0 

o; 34>P" 

: oN8;xP;' 

o isM 

O 41 jO 

0 :3s, s 

o 40,0 
O ,,.35*.? 


0 A® 
o'.SP»'^ 

0 


Inches Inch. 1 

4P,o 29,50 0,203 |W UJ 

I2I 20 81 SWbW ;I 

43»S ^9’°^ gw I 

ti|4* ■. 

3|’5 WNW 1 

365.0, ,29,60 ^ ^ 

j|s: fo 't 

IM S? 

;S:s 30 I 2 : -WE 

,,40,0,^30,14 , .r gw 

..43*I,;'3Q>:48 , c ..cw':"' 

. t 48 iP 7 M '45 

ii ,*44t#iai4?. 


W eathei\ 


I Fair. 

X Fine. ' 

I Fair, 
i' Fmc. 

1 foggy., V 
I Fair, 
a Cloncly. 

I Cloudy. 

I ' Fair. 

X Fair. 

1 Fair, and frofty. 
I Fine. 

1 Frofly. 

2 Rain. 

I Cloudy, 
t Qnudy. 


1 Cloudy. 


' I ' ' Cloudy i 


o 34»*6" 

o 43,0 
o 43,5 , 


■■wTwSm' 

.. 4 Li 

..42»0 ''l3.0>P7‘ 


■ ' '■ ' 
,: El^yN.: 
',, ,:,;W 

V m ■■ 


1'' Cloudy. 
.1 ' ' 'Pine. : 


:.ks. 
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July II 22 so 

12 22 s8 

13 22 H 

14 22 13 

15 22 14 

16 22 5 

17, 22 IS 

18 21 57 

19 22 12 

20 22 O 

21 21 59 

22 22 O 
^2 1$ 
22 5 


12 lu 
M. 

2 h. I 

P. M. 

0 f 

© / 

22 15 

22 11 

22 9 

22 14 

22 13 

22 14 

22 18 

22 18 

22 16 

22 18 

22 IS 

22 6 

a2 15 

I 22 ,16 

22 10 

22 9 

22 n 

22 16 

22 16 

22 16 

22 12 

22 ,15 

22 21 

22 .15 

'22 1.3 

22 IS 

.22 ,10 

22 IS 


o t 
22 7 

22 6 
22 JO 
22 12 
22 9 
22 O 

22 4 

22 O 
22 8 - 
22 O 
22 5 

22 10 
22 14 
22 5 


23 

24 
aa iz 
22 15 
22 12 
22 6 
22 12 
22 4 
22 12 
22 8 
22 8 
22 II 

■ 22'; 13. 
zst , 8 
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dipping needle. 
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St'MigBetf ' 


Read April 4, f HAVE vifited the greateft 5)31^ M this 


'1J78.; 


I 


ifland, and find that its pm 
greatly . from tho£e:pfi'Macteir^,';\ihlp;i^ ,f 
the''^ treeS'" of 'the .latter: here, 'Except 'the 
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none of 
az :it 

''haS'' 
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Mr. MASSON-’S Account of 


a nearer affinity to Europe than Africa. The moun- 
tains are covered with the erica vulgaris, and an elegant 
ever-green flirnb very like o. pIAllyrea, which gives them 
a moft beautiful appearance. Notwithftanding this 


ifland has been frequently vilited Europeans, I cannot 
help communicating to you a few of its fingularities. 

It is one of the principal and moft fertile ot the Azo- 
rian Iflands lying nearly Eaft to Weft ; its length is about 
eighteen or twenty leagues ; its breadth unequal, not ex- 
ceeding five leagues, and in fome places not more than 
two. It contains about eighty thoufand inhabitants. 

Its capital the city of Ponta del Guda, which contains 
about twelve thoufand inhabitants, is fituated on the 
South-fide of the ifland, on a; fine fertile, plain country, 
pmty tegular^ and of a good 

breadth. It is fupplied with good water, which is 
brought about the diftance of three leagues from the 
neighbouring ihOunfains.; The chuiches and other ie— 
ligibus edifices are elegant and well built for fucli an 
ifland- Thefe is a large convent of Francifean friars 
and one of the order of St. Auguftin, four convents for 


;profrflbd' for/young wo-; 
men ' and" wMoWs^' . ■. The ■ veflels 

anchor in an open road ^ but It is notidanger^ as hq; 
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wind can prevent their going to lea in cafe of ftormv 
weather. 

The country ronncl the city is plain for feveral miies, 
well cultivated, and laid out with good taife into fpacious 
fields, which are fown wdth wheat, barley, Indian corn, 
pulfe, Sec. and commonly prodiicev annually two crops ; 
for aa foon as one is taken off, another is immediately 
fown in its place. The foil is remarkably gentle and 
eafy to work, being for the moft part compofed of pul- 
verized pumice flone. There are in the plains a number 
of pleafant country feats, with orchards of orange trees, 
which are efteemed the beft in Europe. 

The fecond town is Ribeira Grande, fituated on the 
North-fide of the ifland, containing about as many in^ 
habitants as the city ; a large convent of Francifcan 
friars, and one of nuns. It gives title to a count, 
called the Conde Ribeira Grandcj who firft inftituted 
linen and woollen manufadfories in the ifland. 

The third town is Villa Franca, on the South-fide of 
the ifland, about hj^ IeaguesEaft of Ponta del Gnda. Ithas 
a convent of Francifcan friars, and one of nuns, vyhich 
contains about three hundred. Here, about half a mile 
from the ihore, lies a frnali iffand (UhaQ) is hpl- 

iow in the middle, 

only one entrance into it, fit to hold fifty fail of veffels 

y y,, ■ ''y/' 
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fecure from all weather; at prefent it wants cleaning out, 

as the winter’s rain wafhes down great quantities of earth 

into it, which has greatly diminifhed its depth. But 

’e:effels frequently anchor between this ifland and the 

main. 

Behde thefe towns are feveral fmaller, vi%. Alagoa,. 
Agoa de Pao, Brelanha, Fanaes de AJuda, and a number 
©f hamlets, called Lugars, or Places. 

About four leagues North-eaft from Villa Franca lies 
a place called the Furnas, being a round deep valley in 
the middle of the Eaft part of the ifland, furrounded 
with high mountains, which, though fteep,may be eafily 
afcended on horfeback by' two roads. The. valley is. 
about five or fix leagues in circuit, the face of the moun- 
tains, which are very fi:eep, is intirely covered with beau- 
tiful ever-greens, viz, myrtles, laurels, a large fpecies of' 
bilberry, called uva de /erra^‘*f &c. and numherlefs rivu- 
lets of the pitreft water run down their fides* The valley 
bek)w is Well cultivated,, producing wheat, Indian corn,, 
flax, Stc. The fields are planted round with a beautiful, 
fort of poph^ which grow into pyramidal forms, andi 
by their carelefs^i irm^ar dif^ together with the 
multitude of rivrfleti, wMiii M all dire<5tions through^ 
the valley, a number of boiling, fountains,, throwing 

fiiiijj Mountain grapes.. 

' ' ' ' ' ' ' ■ ' " clouds^ 
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clouds of fteam, a fine lake in the South-well part about' 
two leagues round, compofe a profpedl the fineft- that 
can be imagined. In the bottom of the valley the roads 
are fmooth and eafy, there being no rocks but a fine 
pulverized pumice Hone that the earth is compofed of. 

There are a number of hot fountains in different parts- 
of the valley, and alfo on the fides of the mountains : 
but the molt remarkable is that called the Caldeira, 
fituated in the Eaffern part of the valley, on a fmall emi- 
nence by the fide of a river, on which is a bafon about 
thirty feet diameter, where the w^ater continually boils 
with prodigious fury.. A few yards diftant from it is a 
cavern in the lide of the bank, in wdiich the water boils 
in a dreadful manner, throwing out a thick,, muddy, 
undluous water feveral yards from its mouth with a 
hideous noife. In the middle of the river are feveral 
places where the water boils tip fo hot, that a perfon can- 
not dip his finger into it without being fcalded; alfo 
along its banks are feveral apertures, out of -which 
the fteam rifes to. a confiderable height fo hot that 
there is no approaching it with one’s hand: in other 
places, a perfon would think, that a hundred feiiths 
bellows were blowing altogether, and fulphure©us:fte;arhs> 

iffuing out in thoufands of placesr to that 

is found in every chink, and the fovefod wito ^ 

'"''y : 'like 
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Tike hoar froft; even the bufhes that happen to lay near 
thefe places are covered with pure briraftonCy condenfing 
from the fteam that iffues out of the ground, which in, 
many places is covered over with a fubdance like burnt 
alluni. In thefe fmall caverns, where the fteam iftlies 
out, the people often boil their yams (inh(Z'fn6s'). 

Near thefe boiling fountains are feveral mineral 

fprings; two, in particular, whofe waters have a very 
ftrong, mineral quality, of an acid tafte and bitter to the 

tongue* 

About half a mile to the Weftward, and dofe by the 
river fide, are feveral hot fprings, which aie ufed by lick, 
people with great fuccefs. Alfo on the fide of a hill, 
Weft of St. Ann’s G-hurch., are many others, with three 
bathing houfes, which are; rijpft comnoonly uled . Thefe 
waters are very warm, although not boiling hot but at 
the fame place ifliie feveral ftreams of cold mine- 
ral water, by which they are tempered, according to 
'..■every .one’s, liking.,.,.,, •. ■ , . „ 

About a piile South of this pk and over a low ridge 
of hills^ lie^ ,a. about two leagues in circumfe- 
rence, of a.greenifti 

colour. At the' Nbrtfepiy.k piece of ground, 

where the fitlphureous fteams iffpe out in niaiiy places, 
attended with a furprizing blowing noife, I could ob- 
' ■ ferve 
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with the faid diforder, were ufing the waters, and had re- 
ceived incredible benefit from them; in particular, an 
old gentleman, about fixty years of age, who had been 
tormented with that diforder more than twenty years, 
and often confined to his bed for fix months together : 
he had ufed thefe waters about three weeks, had quite 
recovered the ufe of his limbs, and walked about in the 
greateft fpirits iraagiiiabie. A friar aifo who had been 
troubled with the faid diforder about twelve years, and 
reduced to a cripple, by ufing them a fhort time was quite 
well, and went a hunting every day. There are many 
•other' inftances of the efficacy of thefe waters, which, 
for the fake of brevity, I muft here omit. 

There are feveral other hot fprings in the ifland, par- 
ticularly at Ribeira Grande; but they do not pofiefs the 
fame virtues, at lead: not in fo great a degree. 

The Eafl: and Weft part of the ifland rifes into high 
mountains; but the middle is low, interfperfed with 
round conic hills, all of which have very recent marks 
■of fire; all the parts below the fiirface confifting of 
melted lava laying 

Moft of tlie to the Weftward have their 

-tops hollowed out like a purkh-bowl, and contain water. 
Near the Weft end is an inimeafe deep valley, the 

, ", ' . , ' ■ Furnas, 
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Furnas, called the Sete Cidacles^‘^'\ This valley is fur- 
rounded with very abrupt mountains, about feveii or 
eight leagues round*; in the bottom is a deep lake of wa- 
ter, about three leagues in circuit, furiiillied vath great 
number of water fowds. This water has no mineral 
quality ; neither are there any hot fpidngs in the valley. 
All thefe mountains are compofed of a white crumbly 
pumice ftone, which is fo loofe, that, if a perfon thruft a 
ftick. into the banks, whole waggon loads of it will tum- 
ble down. The inhabitants of the iiland relate a ftory, 
that he who firft difcovered it obferved an extraordinary 
high peak near the Weft-end; hut the fecond time he 
vilited it no fuch peak w^as to be feen, which he fiip- 
pofed muft have certainly funk; but, however improbable 
this ftory may be, at fome period or another it muft have 
■certainly been the cafe. 

If you fliould think the account of the mineral waters 
of any fervice to the public, they are very welcome to it; 
and, ftiould any perfon venture fo far for his health, a 
fmall ftock of the fuperfiuities of life only need to be 
laid in, as the iiland yields every neceffary. The climate 
is very temperate; the thermometer fince I have been 
here has been no higher than 77°, commonly from 70* 
.to75k 'A "T'"', 

{c) Seven Cities. 

VoL. LXVIIL 4 F 
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1 have fent you twelve or thirteen bottles as a fpeci^ 

men, which are as follows : 

N° I. From a cold fountain giving a ftrong acid wa- 

ter lying South-eaft from the boiling Galdeira. 

W a. From a ftrong cold mineral fountain, about 

twenty yards nearer the Galdeira. 

hl° 3. From a cold mineral fpring in the valley o 

Foze de Pont.. . 

N” 4. A hot mineral water, from the bathing place 

iiG3fr tlic rivci** 

5. A h-ot mineral water, from the upper batlun^ 

place. 

N® 6. From the great Galdeira. 
m 7 . From a thick boihng fountain near the Gal- 

AUb earth from al} thefe fountains, with their cor- 

refponding numbers. 
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XXVII. An Acmmt of a remarkable l77tperfeHion of Sight, 
In a Letter from J. Scott to the Rev. Mr. Whiffon, 
of Trinity College, Cambridge. Communicated by the 
Rev. Michael Lort, B. D. F. R. S. 


TO SIK JOHN BHINGLE, BART. P. R. S. 


S I R, 

■Read April 9, 
1778. 


ok! Bond-ftreet, 
April 4, 1778. 


A F Pv I E N D of mine, the rev. Mr. whis~ 
SON, of Trinity College, Cambridge, 
being acquainted with a gentleman in lincolnfhire, who 
labours iiiKler an inability of diftinguifliing colours fimi-- 
lar to that of wirich an account is given in the lafl vo- 
lume of the Philofophical Tranfadtionsy did write to him 
for fome particular information concerning this infir- 
mity. The anfwer which Mr. whisson received I have 
now, by his permiffion, the honour of tranfmitting to 
you, to be communicated to the Royal Society, if you 
lhall think it worthy their attention. 

I am, 8rc. 


MIGMEL LOBiT. 


TO 


4 F 2. 
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TO THE REV. MR. WHISSON. 

Rafen,, 

REV. SIR,, May 26, 1777,. 

I RECEIVED your favour in due time. I iliould 
Rave givein you my anfwer fooner,. but have been greatly 
afai<£ted with the gout. I am very willing to inform 
you (and take your inquiry as a favour) of my inability 
concerning colours, as far as I am able from my own 
common obfervation. 

It is a family failing : my father has exadly the fame 
impediment: my mother and one of my fillers wem 
perfect in all colours : my other filler and myfelf alike 
imperfeil : my laft mentioned lifter has two fons both 
imperfedl; but file has a daughter who is very perfect: 

I have a fon and daughter, who both know all colours 
without exception; and fo did their mother: my mo- 
ther's own brother had the like impediment with me, 
though my mother, as mentioned above, knew all co- 
lours' very well. y' - ' 

Now I wifi inform you; I have the leaf! 

knowledge of. I do not know any green in the world ; 
a pink colour and a pale blue are alike, I do not know 
one from the other. A full red and a full green the 

fame,. 
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fame, I have often thought them a good match; but 
yellows (light, dark, and middle) and all degrees of blue, 
except thofe very pale, commonly called fxy, 1 know 
perfectly v/ell, and can difcern a detlciency, in any of, 
thofe colours, to a particular nicety : a full purple and 
deep blue lornetirnes bathe me. I married rny daugh- 
ter to a genteel, worthy man a few years ago ; the day 
before the marriage he came to my houfe, dreffed in a 
new fuit of fine cloth cloaths. I was much difpleafed that 
he thould come (as I fuppofed) in black : faid. He fliould 
go back to change his colour. But my daughter faid, 
No, no; the colour is very genteel; that it was ray eyes 
that deceived me. He was a gentleman of the law', in a 
fine rich claret-coloured drefs, .which is as much a black 
to my eyes as any black that ever was dyed. She has 
been married feveral years; no child living, and my fon 
is unmarried; fo how this impediment may defcend from, 
me is unknown. 

I have a general good fatisfadlicHi in the midft of this 
my inability; can fee obje^s at a diftance when l am on 
travel with an acquaintance, and can diftinguifli the fize, 
figure, or fpace, equal to moft, and I believe as quick, 
colour excepted.. 
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Mf bufinefs was behind a counter many years, where 
I had to do with variety of colours. I often, when alone, 
met with a difficulty; but I commonly had a fervant in 
the w'ay to attend me, wdio made up my deficiency. I 
have been now feven years from trade. My eyes, thank 
'God, are very good at difcerning men and things. 

If your learned Society can fearch out the caufe of 
this very extraordinary infirmity, and find a method for 
an. amendment, you will be fo obliging to acquaint me. 

I am, &c. 

. J. SGOTT. 
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XXVIIL Jicount of Baptijfns, Marriages^ ard Buriaisy 
during Forty 2"ears^ in the Parlfj of Blandford Foriiiii,. 
Doriel. Communicated by. E.icliard. Piilteney-, M. D* 

F. R. 


T O- D K. A-T S O N,, E-. S>- 

S I R,, 

Read Mar. 19, g, fubjefts- of the following tables 
^ have been much difcuffed of late, I 
take the liberty of putting thefe into your hands, encou- 
raged thereto by your affiirances, when I had the plea- 
fure of feeing you laft in town, that they might not im- 
properly be laid before the Royal: Society. If upon iii- 
fpe(5iion you fhould continue to think fo, you will do me 
the honour of prefenting them.. 

Exdufive of general curiofity,.! was alfo induced to 
examine the regifler of this place, in order to determine 
how far the general opinion, which gives the credit of 
extraordinary falubrity to this country, was founded on 
fa<St, as far as that could be proved by this, mode of exa- 
mination. I found, that the regiller had been kept with. 

fufficienh 
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Aifiicieiit accuracy in the ufual method; that, fince the 
xecovery of this place from the dreadful fire of 1731, 
icarcely any new houfes had been built, at leaft on any 
new fite ; that no flndluation in the number of inhabi- 
tants from the introduction of any new manufactory, or 
from any other apparent caufe, had taken place; and was 
.therefore led to conclude, that the refult might prove 
a tolerably fair one, and more efpecially upon finding 
the excefs of the baptifins above the burials fo fmall as it 
appears to be. 

In the year 1773, when thefe tables were drawn up, 
I alfo procured the number of the people to be taken; 
by which it appeared, that there were 446 families, 
jeckoriing a workhoufe of 44 perfons, and three fchools 
containing 9 2, as four families only, which gives nearly 
41 to a family. The whole number of fouls in the parifli 
was found to be, males 1 174, females 936, total 2110; 
but it nitifl: be remarked, that in this number were not 
included any of the inhabitants of the clofe adjoining 
villages of St. Mary, Blandford, Brianfton, or Langton. 

From an infpeCtion of table the firffc it wdll be feen, 
that 55| is neatly the average of deaths for 40 years; 
and the average of the laft ten years will appear to be 
54 : hence, taking 5 5 for the average number, which 
alfo will be feen to be the -exacSt number of burials in the 
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year preceding that of the fiirvey, it will be feen that 
about I in 38 or .39 dies yearly; and, as it can fcarcely 
be doubted, that the errors of a furvey muft be on the 
;lide of omiffion, it may not be too much to allow i in 
39 only. 

From this refult, therefore, it is raanifeft, that al- 
though the falubrity of this place does not equal what 
we read of fome particular villages in the North of Eng- 
land, or of the diftridt of Vaud, yet it turns out very 
much in favour of the general opinion, and very far 
beyond that of London and larger towns, where the 
number is found to be from i in ao to i in 26 or 28. 

I am, Sec. 


4G 
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Total baptifms. 

Marriages. 

Total burials* 

Males 1133 

832 

Males 109.9 

Females 1042 


Females 1132 

217s 


2231 


The baptifms among the Dilienters are Brought into 
this account only during the laft ten years, males 39, 
females 54, total 93: if therefore the fame proportion 
is taken for the firft-three decennial periods, the totd of 
the baptifms will amount to 2454. 

Small-pox years, of which diftemper died as under- 
neath: 


In 1741 

mm 

76 

1753 

- 

40 

1766 

Mt 

4*4 



160 


In the year 1756, among the burials, 1 8 were of fol- 
diers, who died during the time of the encampment. 

This table does not include the clofe adjoining villages 
of Langton, Brianfton, and Blandford St. Mary. 


4 G a. \ ... 
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TABLE II. Tlie annual, average of baptifms and burials 
in the four. decenniaL periods of the foregoing tatile, 
taking among the baptifms 93 in each period for the 
number among the Diffenters, which appeared to be., 
the exadt number baptized in the fourth period. 


Annual^ average of tlie baptirms in the 
' firfi: ten yearsj ' ^95 

*- — — ieconci ten years, 6o| 605 

ten years, ^ 58-^' 583 

•—■ fourth ten years, 57 zV 57 1 

In the 40 years, 61 J 2454 


The excefs of baptifms 
years, 223.. 


A nnnal average of the burial in the 
£rfl ten years, 59 590.. 

•— fecond ten years, 48 1 485 

third ten years, 6 1 1 615, 

— fourth ten years, 54 54 jt. 

In the 40 years, , 55I 2231 


over the burials in forty- 


TAELE 
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TABLE III. Shewing, the whole number of burials in 
each month, and each quarter of the year collectively 
throughout the whole of the above period, difpofed 
in two columns,., in the latter of which, thofe who 
died of the fmall-pox are excluded, ferving to illuftrate: 
the different falubrity of the feafons. 


Winter. 

- 

January 

220 

ao4 

February 

ai8 

aoo 

March 

223 

1-95 


661 

599 


Spring. 


April 

193 

170 

May 

2t8 

184 

June 

rqo 

166 


601 520 


Summer. 

July 1.46 

145- 

Auguft 144 

144 

September 165 

162 

4.55 

451 

Autumn., 

pdtober 172 

I7I . 

November 174 

170 

December 168 

160 

'■'514, 

SOL 
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XXIX. Part of a Letter from Matthew Guthrie, M. D. of 
Peterfburgh, to Dr. Prieftley, F. R. S. on the Antifep^ 
tic Regimen of the Natives of Ruffia. 


Read April 30, TR EADING the other day the elegant 
’^778- JLX. gj-ation of Sir John ppaNGLE, on the 
great merit of Captain eooK, for which old Rome would 
have loaded his fliip with civic crowns, one part of the 
learned prefident’s difeourfe drew my attention in parti- 
cular, as it regarded this country, and touched upon a 
fubjedt which I have long paid attention to, viz. the an- 
tifeptic regimen which nature has dictated to the pea- 
fants of this empire* Nothing leems clearer to me than 
that, if nature had ipiof taught thefe people habits, and 
given them a tafte which galloping travellers treat with 
contempt, they muft undoubtedly have funk under the 
feurvy, as they are, for the greateft part of the year, ex- 
pofed to the infl-uence of thofe pre-difpofing caufes to 
putrid complaints that make the body of the Greenland 
feaman livid; yet under ah thefe difadvantages fuch 
feeras to be the efficacy of the regimen they obferve, 
that putrid difeafes are fbrangers to their huts, and the 
3, ■ : ■ '' 'Ruffian 





Dr. GUTHRIE OH the Afitifepttc RegtK4en<) &c, 623 

Ruffian boor enjoys a Rate of health that aftonifnes an 
innabitant of a country where the dreadtul conlequences- 
are fb well known of bad air within j exceffive cold 
without, joined to a want of fieffi vegetables for a length 
of time. I think you will by no means have your refpecl 
diminiffied for the late difcovered antifeptic agent, when 
I have given in detail the multitude of enemies it has to 
encounter, in preferving from putrid attacks the bodies 
of the people I am treating of. 

The Ruffian boor lives in a w^ooden houfe, made with 
his own hatchet, his only inftrument, in the ufe of which 
he is moll dextrous : it is caulked with mofs, fo as to be 
very fnug and clofe. It is furnilhed with an oven, which 
anfwers the triple purpofe of heating the houfe, dreffing 
the vifituals, and fupporting on its fiat top the greafy mat- 
tr3.fs on which he and his wife lie. From over the oven* 
.which is on one fide of the room, are laid fome boards 
reaebing to, and fupported by, the oppofite wall, raifed a 
little above the ftove, fo as to receive its heated air. On 
thofe fleep-the children and fecondary perfonages of the 
hut ; for the oven itfelf is a luxury referved for the fe#* 
Round rosoin runs a bench with a table in the middlcji 
and' in jChe loorner is of ; cupboard rf cation 

of faints., wI|on3\ fqagR'fapeR fregtiently^, burn, or 

a lamp with hemp oil. During the lohg feverd winter 
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vfeufon, the cold prevents them from airing this habita- 

■ tion, ib that you may cuiily conceive, tlrat tlie air cat mot 

■ be very pure, ccMvliilci'ing tlr.it four, li've, or iiv neoj b; cat 
and deep in one room, and underi-o, <!uring tJic ni>;ht, a 
•motl dewing procefs from the heat and itloicncii. of tin. ii' 
fituation; infomudi that they have the appeannKe, of 
'being dipped in water, luid raife a fteam am! I'nicl! in the 
Toom, not often live to themrclvc.s, but icarcely 

ble to the perfon whom curiolity may lead thitlier. 

Now if it be confidered, that this human cdhivinm 
-mud adhere to every thing in the room, efpeeiully to tiie 
•dieep deins or mattrafs on which they deep, the mois in 
the walls. Sec. and that the apartment is never ventilated 
for fix months at lead ; at the fame time that thefc people 
are living occafionallf upon fait fith or meat, and the 
whole time without frelh vegetables, expofed like wile 
when ont of doors to a feverc cold atmofphere, the fcor- 
butic tendency of which is well known : *1 fay, when all 
tliefe circumdanees are taken into confideration, if it Ije 
a fa<d that'they afe, in fpite of all thofe pre-difpoling 
caiifes, ftrangers-to putrid dtfeafe, it will fufficiently juf- 
tify my fird affertion, that the regimen nature has 
dilated to thefe people is mod highly antifeptic, and it 
may be doing fervice to. mankind to deferibe it minutely* 

' '-S ■ ' ■' ' ■ This 
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This I lliall endeavour to do, and it will probably give 
pleat lire to tliofe gentlemen, who have preferibed the 
new regimen to' the BritiOi navy with fo miicli fiiccefs, 
to have the evidence of fomc millions to prove, that they 
have adtuaJly hit upon the very fecret by which nature 
defends her creatures, in thofe countries where it is nc- 
ceiiary, from the very difeafe which has been the feourge 
of the noblefi: naval eftablifliment that ever the world 
faw. Nay, one would think, that the diet thefe peo- 
ple life had been didlateil by modern philofophy, or ra- 
ther that your Prefident, your macbride’s, Sec. had 
ftudied at this ichool ; for almoll every thing they ufe 
feems to be of that kind which the ibitunatc attention tt> 
the antifeplic qualities of fixed air has recommended for 
medical ufe. I.Ierc the experimental philofopher may 
be indulged in a triumph; and 1 really think your lords 
of the admiralty ought in gratitiulc to creft ftatues to 
the induilrious and fucccfsful profecuiors of that noble 
and ufeful Ihidy. 

Tlie only part of the food of our Northern jjcople, 
that does not come under the defeription given, is fait 
meat and fifh ; the latter they cat during their fafts 
where frelh filli cannot be procured, at ieaft not upon 
terms that fu it their drcumftances;: and there arc allb 
fome places wdicrC: the''fcarceaefs ''of focMer.. during ;'.t lie 

VoL. LXVIO. Z/',. ■ y 'Winter 
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winter obliges them to live much upon fair meat; yet in 
all thefe calcs they manage to corredi the adion of tins ad- 
ditional leaven of putrulity by mixture with t lieir prepared 
vegetables, in iVa'h amasmer a.s to elude its bancf’ul cficcis, 


which furniihcH me with aiHsihcr corroburuthiy'; proof* of 
the powerful antifeptic (qualities of this mode of prepa- 
ration, which I lhall particularly deferibe, and wluit in 
fa6t is the main piirpofe of this paper, in Iiopes thereljy 
to throw fomc additional light upon the new atuifeor- 
hiitic lyflcm which cannot be too vvcll undcrlhHx!, and 
in hopes that fome of the many difhes 1 lliall dctl rifjc of 
a fimilar nature with your four €abl)age now in ulc in 
the Britifli navy, may be thought worth a place in your 
marine antifcorhutic bill of fare ; and if I am fo happy ;i» 
to contribute to the prefervation of the lives of the gal- 
lant corps of men that enables us to plant our cabl)ages 
in fafety at home, I lliall think my trouble well re- 
warded. 

One of their principal articles of food, and what enters 
into the compofition of moft of the liulllan foups, is 
their four cabbage, which you are already fo well ac- 
quainted with, both as to the preparation and qualities of 
it, that it becomes unheceffary to do more than juft give 
it the ftrft place in detailing their antifeorbutk diflies, 
which it certainly merits. 


6 


The 
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The fecond capital article is called qiiafs, a liquor 
which not only lerves them for drink, but alfo as faucc 
to a nmiil)cr of diflies, cfpecially to fuch as have a ten- 
dency to bring on the difeafe which their fitiiation 
tlireatens, and is the bafis of the favomite cohl foup of 
the North, which is made by adding cold meat cut in 
pieces with cucumbers (prepared after a manner to be 
deferibed in the fequel) or with onions, or garlick, to a 
bowl of this fub-acid liquor. This feems to be a g’ootl 
method of qualifying and eating fait meat to thofc that 
are fond of the acid tafte, and fliould make the procefs 
in the ftomach very different from what wc muft flip- 
jxife is the cafe when hilt beef is eaten off a bifeuit, ac- 
companied with nothing but what ferves fur a plate, or 
the fuct pudding of the navy, jndging from fome expe- 
riments I have made in the ftile of Dr. mac bride’s ali- 
mentary mixtures. 

fbe manner of preparing the common Rufs Quafs, 

They take a large potful of cold water, and put into 
it as much rye-flour as will make a thin dough : they 
then place it ill an oven, moderately heated, for thre^ 
hours, at w'hich time they take it out, and throw it info 
a tub of, 'Cold 'Water:'' this; mixture.; 'they 

'■ : ' 4 H'''a ' ' ',d'' "'^.'ufrothS 
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froths with a machine refembling the iVafrof a diocolutc 
Irat Ia.rger. To this liquorj thus r.i-rr’-iirtg is r.o.'ct! 
a couple of -nop-hai'ons full of the g!';>ur*h, ..t ctI<I 
Icavcu/u'/ifth.clc arc not to he procurcu. ui'' u e.iU r-’ar'".' 
IrapiKMi ill iliihla, they life as a ferment a ^-iwe tn' their 
four bread, and cover the tub witli a cJ to foe-) out 
the daft, until the liquor lias acquires, a ^'ouihh t;uu:-, 
which marks its being ready for ufe. IIcA\cvcr, tihrs de- 
pends upon the temperature of tlie wcailier, as if ac- 
quires the ncccifary acidity fooner or later, accoiiling to 
the fcafon or degrees of artificial heat that is emphq eih 
This liquor the pooreffc of the people drink as they draw 


it from the tub or calk where it is kejit for ufe; hut 
there is a fuperior kind of quafs, which tiie lictfer fort 
of people make and bottle for their common ufe; iiKleed 
people of the higheft rank love anti ufe it conllantly. 

the better Jort of Sluafs^ or Kecfla Stchce. 

They take one pood (thirty-fix pounds Englifli) of 
rye, flour, or meal, and half that quantity of grountl 
malt, and put them into a tub made for the j»yrj .oic witli 
a clofe cover, pouring a; kettle-full of lealding water, 
ftirring with a flick as they pour, and then cover it clofe 
up for an hour; at the expiration of which time they add 

boiling 
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boiling water in the fiiiiie manner as before, until it be- 
comes as thin as fmr..lj-heer. The tub is then placed in 
a cuu'l htnation ior ibnie hours, the cover being kent half 


0]>C!i Vi'itli a hick; then the FigiKU' is th.rough a 

llevc into a caik, and two bations iidl oi old (irsuis, or tlic 
fiibltitiitcs nientioncil in tlic lail; receipt, arc added, and 
tbe veirel placed isi a cellar or cool fitiiatioii for live' t)r 
fix days, undl it acquires the Jub-aeid taile, when it is fit 


for bottlioff. 


Here feems to Isc an elegant iniprovemcnt of Dr. m ac- 
EliiDE’s infuiion of malt, for the acidulous tafte makes it 
highly paiataUie and rclfeHiing, and |>rol)ahly tlicr*:* may 
be a virtue in this fpecies oi' additv, whkh is perhaps tbe 
only thing that the fwcet: infuiiou wants, to gix’c it all 
the antifcorbotic cnuiiities of your four kroiit, H:c. as it 


alfo afjounds in the antifeptic liuid fixed air wliich re-r 
commends the other for medical purpolcs, and particii-r 
larly as an antifixtrbutic; at tlic liunc time tlsat tlic fer- 
mentation is permitted to run on until it ycxpiircs the 
acid tailc' which I obibrve every one of the efikacious 
vegetable prepanitions iifcd in the North is pofielll’d of^ 
and what nearly feems to l)c the fecret alone by whir:h 
thele people preferve them for a Icngtli of time,, anti ;puf 
them upon a.11 equality with frefii vegetables, asd?{i® 
would be led to think by thdr:fidutafy.efibdfavclpk,‘wc''* ■ 
'.c ■ A ' "" ' , ■ ■" d ' d.c//':d::q'h& 
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The very bread that our i>eople make ufe of has alfo 
aeciuircd this acidity before it is judged wholeiomc, and 
adapted to th.cir conftitutions. 


tbe fuanner .of making the Ruffian rye bread. 

In the morning they mix as much rye flour with 
warm milk, water, and a bafon full of grounds of quafs, 
or leaven, as will make a thin dough, and beat it up for 
half an hour with the chocolate Raff before deferibed ; 
this they fet in a warm place till night, then they add 
more meal by degrees, working it up at the fame time 
with the Raff, until the dough becomes ftiff. They then 
return it to its warm htuation until morning, at Nvhich 
time they throw in a pi'oper quantity of fait, and work 
it with the hand into a proper corffifteiice for bread (they 
think the longer this laft o^ieratioii is continued the 
better) then they place it before the fire until k rifes, 
when it is cut into loaves, and returned once more into 
the warm place where it before ffootl, and kept there for 
an hour before the laft part of the procefs, the baking, 
which compleats it. 

For fea provifiOn they cut the fame four dough into 
bifeuits or rufk, and dry them in the oven. This, I am 
told by very intelligent fea officers, makes a moft ufeful 

, . ■ ■: ' ' , ' ■ and 
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and wliolefomc article of food, ever at hand to qualify 
the Icamcn’s ialt provifions, which they commonly cat in 
it)!'m oi l)rotlun the Ruffian navy, with the addition of 
tins bread, wliich is put in as we do the white bread in 
our iou])s oi: that name, or they take off the ialtiiefs of 
their fca beef by making it into foiip with their pre- 
j)ared vegetables ; but never iiiffer their failors to cat it 
dry as they call it, being of opinion that it promotes the 
feurvy in the fleet. 

This rufic alfo not only anfwers the common purpole 
of bread, but when throwm into w^arm water produces 
their favourite liquor quafs, with or without the addition 
of ground malt: and I am likewife told, that they put 
this laft article into the four dough, with which they 
make a fort of rufk for the purpofc of quafs aloure. 

There are prepared cucumbers which are eaten with 
meat in. this country, and the people are remarkably 
fond of them. They are called fxlted cucumbers, as fait 
is the principal ingredient iifed in the preparation; but 
they have the fame fourifh tafle fo often mentioned, and 
feem to have their ffiare alfo in the merit aicribed to the 
regimen at large* ■ y . 
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.fbs manner of preparing the Ruffian falied cucumbers. 

They put any quantity of cucumbers into a calk, and 
as miidi cold water as covers them, with four or five 
■handfuls of 1 alt, fome oak and black currant leaves, fome 
dill and garlick. They then fet the cailc into a cool 
place for about forty-eight hours, until the lj(]uor taites 
fouriQi, when they pour it off from the cu.r un!l>ers into 
a pan, and add to it four or five haiulfnis of iislt, tlieii 
lioil it for about fifteen minutes, and wlic?; cold ivlurn it 
into the calk to cover the cucumber, wbii ii they now 
bung up for ufe, and place iii the cellar, where they lic- 
come crifp and fit to be eaten in tiircc or four slays, and 
arc counted a luxury by their admirers, amonglt w'bich 
number I cannot reckon myfelf; however, this is a mat- 
ter of palate. 

To conclude this fidijcci:, there arc Hill a few other 
dilhes to be mentioned that Icem to have the fame ten- 
dency as thefe already tie fcrilKal: vir:, what is called 
fooins in Scolland, and ranch idlxl by the common peo- 
ple there. It is an infufion of oat -meal !>ran in warm 
water, left to ferment until it acquire the fourifii taile, 
and tlien ttrained and boiled to a confidence. Another 
•of their dilhes is conipofed of rye-meal, grouiMl mult, 

' , ' ■ ■ ■ ' ' ; and 
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and water, as thick as cream, which is placed all night in 
the oven, previoxifly heated to a mojlcrate degree, and iii 
th.e morning a piece of Ibiir rye bread is adtled to eftedt 
their favourite. end, and the nief; eaten v/heii twld. 

Ilorfe-radifli they dry in the oven, arul kcc[) all win- 
ter, which they powder, when wanted, and mix with 
vinegar to eat with fait filh. 

Turnips they preferve during the winter in dry fand 
(as they likewife do the large white radifli); thefe they 
put into an earthen pot with a clofc cover, and ftew them 
in the oven, with their own juice alone, till pcrfciTly 
foft, and then eat them w ith quafs. When fugar is added 
itiftead of quafs, they make an elegant difli, and proper 
in coughs and pedloral dih)i\ici'S. 

Oats they prepare and grind in tlic manner of malt, 
and make a fort of flummery of tliis meal, which they 
cat with quafs, their favourite fauce; and fometimes milk 
fupplies its place for th.cfe forts of diflics. 

1 believe I have now made mention of the greateft 
part of their food and its preparation ; and 1 will take 
the liberty to fay, that it is a regimen fo confiftent and 
tinifornily calculated to ward olF the difeafe that their 
lituatioii threatens (even when viewed by the teftof mo- 
dern opinion and experience) that the moft enlightened 
phyfician of our day could not have preferibed a better, 
vVoL, LXVIII. 4 I and 
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and ])crhaj)s you may flunk with me, that there arc fomc 
articic;; in it wliich,, from tlm'ir cheapnefs ai’d antifeor- 
Iniiir (|u:ilities, mi*.!;ht. he j’lenuitted to aceunrpairy, i'oi' 
tria], their old Nortlicrn couipanioif four ea!)I>agc, who 
has, 1 luppolc, heeii met with ftraggiing in t ■/■rriiany, 
where he was iingly able to make head agaiiift all the 
dangers that their dimute threatened; although in oisr 
more frigid realms it requires his wlicdc imitcd phalanx, 
to keep us in lafety. 

However, after laying every thingof and for the food 
made life of by the peojile inliahitiitg the Novtlicrn parts 
of this extended emivu'e, 1 niuil not omit to give the 
fliarc of oicrit that I think is ilue to fomc euilonis that I 
hinted at in the beginning, and whidi pa'ohably have 
their fliare in effedling the great end treated of in this 
letter. Thefe arc tlicir doathiog, Ijaths, and manner of 
flceping. 

In the fil'd: |)lac:c, they go very warmly cloathed when 
out of doors, althougli they wear nothing hut a fhirt 
and a pair of linen drawers when witliin; the legs and 
feet in panic ular are remarkably goarded againll the 
cold by many plies of coarfc flannel, with a pair of 
boots over all, at the fame timfc that their bodies fed all 
the warmth of fheep-fkin coats, and nothing is left o|)€n 
to the uiaion of the air hut the face atitl neck, wliicii 
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lajl aldieiigli never covered, yet coughs a 

nd i' 

ore tl 

troaM 

arc icldora heard of: nay, they arc difcrdt,. 

fd!,. 

. O iv il ,K 

;ii W'l'i 

'ihonld a! mo it forget to treat, if ivvcigiier; 

> Cili 

I imt 

Iv;v-: > 

i!.s in ufe. 




'i'lieir religion happily conf];ires:wlth tl 

le 11 

o.rov '"o 

f elf'c 

bodily dirtiiicfs attacheel to their litiiatiorj 

to 

ilhiiil 

tl'.CiU 

to their vapour baths once or ttvice a we 


lie re 

tlicy 

walli array v'if'li aijiieous vapour, and ,ai 

ften 

y'llil.ls 

with 


water ill its coiidciited Hate, the dirt that by obftnibiiij's* 
the pores is fo well kno\/n to promote piitrii.1 dHeafes, at 
the fame time tlv.it they moil cfveclually opcii the ciiti- 
ciilar emmidtories, and throw oiF airy ohflrcvlcd pcri'pi- 
ration that might have otlicrwiic utdcil as ’xfonics to begin 
the feptic procefs ill the body; and lailly, they luulcrgo 
nightly, as 1 mentioned in the introdiiFlion, a degree of 
jicripiration that enables our coach-mcn, tor example, to 


ilt the \vhele day and fevcrc winter evening on the box, 


or at lead out i f <loors, without once dreaming of what 
we call catchina; ('old, as they throw oif every night what 
may have hcon retained in the day, and, to nfe a vulgar 
idirafc, may be faid. to clear out as they go; Init keep 
them from the notStiiraal luxury of their oven, arid you 
kill them in a week. 

I mull here oliferve, that, excepting the judicious fea- 
mau Captain cook, I have nof in my reading met with 

'' ^ V V';.; h: 4 Ca .r '^;;hh'y:'vy;f:;;'";f;any 



636 GUTHRIE the Jutifeptic Regimen^ &c. 
any perfon that has paid the indifpenfablc attention to 
warm cloathing of faiiors in cold climates, which, we arc 
taught by experience in tliofe countries, is a moft necef- 
fary precaution to preferve health : however, as to enter 
upon this fubjed at prefent would fwcll my letter to a 
ftill more prodigious fize, I will rather make it the fub- 
je(5tof fome future one, as the cfiedls of our winter at- 
mofphere will merit particular attention, efpecially when 
the opinionated obttinacy of new arrived foreigners 
brave its fury in a more Southern drefs, initead of taking 
a hint, like lefs fy Hematic men, from the experience 
that a fucceflion of ages has taught the natives. 
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XXX. jyironomkal Obfervaiiom made in the Aiiftriaa 
Nethcrlan»ts //2 Tears 1773, 1774, ^77 5- 

Natliaiiiel Pigott, T^q. F. R. S. Foreign Member of the. 
Academies o/'Ih'nffels and Caen, and CorreffondenL of 
the Royal Academy of Sciences at Paris,. 


TO THE REV. Dll, MASKELYNE, 

REV. SIR,. 

Read May 7, inclofed obfervations ai^e a fequel ta 

^ 77 ^* JL I commimicatecl to you in 1775,. 

and which are printed in the LXVIth vol. of Phil, Tranf, 
for the year 1776. 

Louvain being a very confiderable and tlic only uni- 
vcrfity in the Aufkrian Netherlands, and upon that ac- 
count a town of very great note, 1 was paiticnlarly de- 
iirous of fettling its longitude and latitude with all the 
accuracy my iituation and time would admit of; and the 
more fo, that I believe myfelf to be the firft perfon who 
ever made any aftronomical obfervations in that pkccj. 

'■"andi 
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ziidtlic hi'ii, Cl coiirfc, who has dctenniucd 
■s\ v!i a r; d-;<';!vu of ccrtaiaty: there is^ however, !■ 
toU!:;!'.;, frtufc tlu; p;ovcrs\ment there will, in a I'vorr ‘uw/, 
{)n)vi;lo rai 'obll'rvak)r3’', and iuppJ}' tlio iinne wir;i pi'c,” 
per inlh-Limcnts; the 'ridl life of which wi!!, ih) doie-'V; 

■to verify the inclofed obfervations. I fpc.ne! n.o jetins L) 
render their rci'ults as arcurate as polhMe. uhih t'‘'h 
view I collcclcdj bv t’he help ()!' my friciids, all the rl)- 
fcrvatioi.s of Jupiter’'' fabhites I ccnilJ, cc''-cfpon)!i:'-' lo 
each of oiii’s; co!iviniX,.d Ivr a iVt.aiirc cn;'-‘i.hra''io!^ cf 
this matter, that the mob: clfccbud ruct'noJ uf 
the unavoidable CiTnir, vrhicli ariib from tlic tlifli euL 


goodneis and power of inilri’inents from liic iHtilT'. r.r 
conforniatioii of eyes, different (hites of t!ic ri'tad'j.'iKac 
and other drcumftanccs, is to ccuTiparc ca'..:l< tdjk'rvatioii 
to as great a nninbcr correfponding as ijollihle, nuidc in 
dhlcrent places hs kaav.'a obibrvew, whole !ongipnl,;,s 
frcmi a given meridian, arc wc.U di;j:u,nnini'd, and then 
taking* a rae;in urifing frtHU eaclifucii conpKtrilf-tri. 'rise 
amaving; differences whlchdiot nijfret|iit‘nt:ly are found 
in obfervations of this kind, even among; adrorioincrs ol' 
Idgh iK5te, confuin me ftili nwe in this opinion; aju! f 
owji, 1 i1 loiild i>rcler, in order to fettle tlic* longitiulc of any 
place by Jupiter’s fatellites, three or four iiinn ami 
,:is many cmcriioiis, made in favourable circumliuncc.s, 
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and compared with a great number of correfpoouliig 
ones, made in diftercnt places, to a far greater number, 
V'.’liicii could but l)c compared with thofe of one or two 

a!l:rono!T!crs cnilv. If this condderation be of the weieiit 

- <:*) 

it appears to me, it has not been fufiicieiitly attended to, 
and I mention it as it may be of ufe, pardciilarly to 
young; adroiianicrs. 

Tlie rccridiaii' 7 :ciiith diftances of the Son and ftarS' 


v/ere talten with a cpiadraib: one foot and a half radius * 
made by BiRD, exadtly aisd very ftcadOy fixed in the- 


plane of the meridian. The dc-dinations of the fixed 
fears, with the ecpuitions for aberration am! nutation,, 
were tjikcn from the ConnoiiJdnvc dcs 7d//,r; the fiuifis 
declioation from the Nautical Almanac; its parallax and 
rcfradioiis, with the corredions for the barometer and 
thermometer, Av ere cominited from MAYEifis tables piib- 
liflicd by tbc Board of .Longitude. It may not be im- 
pn)pcr to add, that, when I obfierved both tlic uj^per and 
lower limbs of the Sun upon the mcrhlian, I .made the 
liorizoiital wire of tlic quadrant merely a tangent to the 
Sun’s limb; for which reafon its diameter will come' out 
by fiicli oljfervations conlidcrably greater than it really 
was. ' ' ' " ; ■ ' ' 


For the obfervations of Jiipiter^s fitellites w'c ufecl a; 
refledor tv/o feet and a half focal length, a telefcope by 

.. ^ ' , , ' ■ ■ : ' :■ ■ ,, 
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SHORT, 1 8 inches focus, and fometimes an acbroniritic 
trcl>lc-ol>jc6t gials of the fame length, anti not miicli in- 
ferior to it, made by Mr. ramsdrn; the times were got 
])y a quadrant and a grid-iron pendulum. 

It is ncceliary to mention the dilfcrcnce of meridia.ns 
between Paris and the places where the obiervatit)ns were 
made to which we compared our own ; the mt)re To, as 
fome arc not generally known, and others dilicr a fmull 
matter, from what is c:om!rionly I’uppolcd r.nd printed in 
the ConnolUance clcs f'nns. 

M. MESSIER, in communicating a confulcral'lc num- 
ber of obfervations, informed me in a letter of the lon- 
gitudes of the following places: 

f, f ft 

Corbcil Kaft of II. Ohforvatory at Parifi, 0 0 

Kolon^ Mem*, of Acad* of Sciences, 1754^ 0 3 

'Ptirlihildp^ by nine correfponding obfcrvulloiis of If "li firft idivHlie, 0 :u 

]]y a letter from Mr. 

(Jcricva^ — ~ ' — 0 Pj 40 

And by a letter on this occalion from M. rnniMou r.i.t, 

" llcriloj fu'ift, — ' c? If) 

Milan,, £ail; of 4 itto# * ^ 0 .,^1 

Felcrfbiirg^ ^ I ^2 O 

By the Rev. Mr. uornsby’s letter, 

Oxford, WtR of Greenwi^** 4' 59": liencc: of Paris, o 14 jj; 

By Mr. dalby’s letter, 

Mulwel-liiU, 30" Weft of Grccmvlcli, and of Paris, ' ~~ o 9 46 

' ■ , ' . , ' '■ ' ' , ■ ■ ■ The 
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The longitudes of the other ohfervatories are alTiimed, 
as fet down in the Connoijfance des ‘ferns ^ being; 

well fettled. 

Twenty feconds were added to, or fubtraded from, 
the obfervations of the fateilites made at Greenwich, 
with the lix-feet refleffor, on account of the great and 
fuperior power of that inftrumento 

Although Jupiter’s fateilites o*bferved at Bruflels be 
emerfions only, neverthelefs, as they agree with what 
the aftronomers of the Academy of Sciences at Paris 
have done, as appears by the CommJjUnce des fems^ the 
refult is well eftabliflied. 

Being defirous of alfording every means of examining 
and forming a right judgement of thefe obfervations, t 
could not avoid faying thus much concerning them. It 
now remains for me to return you my thanks for the 
obliging communication of your obfervations. 

1 am, See. 

, NATH. PIGOTT. 


Vox.. LXVIIL,' 
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I.atitiidc of tlie Refuge de Fro%vpergy Rue des Domini' 
qmines^ at Louvain. 


1774 

July 8. By theSun’s_lovvcrlimb — 

g. By the Sun’s upper limb, — 

ii. By ? Opliiud, — > — 

1 1. By » Herculis, — 

11. By <K Ophiuci, *— — 

12. By bothlinibs of the Sun obfervccl, 

14. By the Sun’s Itnvcr limb, ■— 

14. By Of Ilct'culis, — i '*-* 

15. By the Sun’s lower limb — 

15. Byce Ophiuci, >— - — 

16. By K Ophiuci — 

16, By a Hcrculis, — 

16. By » Ophiuci, — « — ‘ 

18. By as Ophiuci, — — 

ig. By obfervations of both limbs of the Sun, 
20. By as Herculis — ■ — 

42. By the Sun’s upper liinl), — 

aa. By f Ophiuci, — — • 

, aa. By « Hcrculis, — — 

23. By « Hcrculis, , . — — 

■ 34* By the Sun’s lower litttb, ‘ — - . 

Sept. 30, By both limbs of the Sun obferveJ, 
tyys'' 

Aug. ai. By Cygnij ; — — ■ 

.The mean of theaboKy 


5^- 

54>2 

50 53 

S,S 

50 S3 

6,8 

SO 52 

53?^ 

50 52 

54.9 

SO 5‘i 

S'^S 

So 

‘>:5 

SO 

54 ,* 

50 5 :^ 

8,1 

SO 

5h,I 

50 '3 

4»2 

50 5 £ 

5S>7 

50 ' S3 

3.2 

50 S2 

S7»o 

SO S3 

7>9 

SO sa 

SS>3 

SO S3 

6,7 

SO S3 

5,S 

SO .52 

S5.^ 

SO 52 

SSsS 

SO S3 

0,2 

SO 52 

S»>* 

SO 52 

s*»* 

■SO sa 

SM 


Having 
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Having on the 21ft, 23d, 24th, 25th of April 1775? 
obfervcd the zenith diftances of e and urfe majoris 
with the face of the quadrant to the Eaft and Weft, in 
order to determine the error of the line of collimation, 

which I found to be 25,2, to be fubtradled from the ob- 
ferved zenith diftances, I computed the latitude lihewife 
from the fame ftars, and can depend the more upon the 
refult from them, as, being fo near the zenith, they were 
little affe6led by refradlion, and not at all by the error of 
the line of collimation, becaufe obferved both on the 
quadrantal arc and arc of excefs. 


. « / // 
By » urfiB maions tlic latitude was foHnd, So S3 ^ + 

By ^ urfai majoris the latitude was, __ _« c ^ 

By a mean of the Sun and liars as above, — 5° 52 59,4 


Now, if a mean of the whole be taken, the latitude North 1 hq - , 
ef my obfervatory at Louvain will be „ — 


4'K 2 " '■■■' , .'Lchgitudo 
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Ixongitndc of tlie Refuj^e de Frowperg, Rue des Dommi- 
qumues, at T./Ouvain, deduced from obfervations of 
Jupitcr’o fatcilitcs. 

Corrcfpoiiding altitudes of Sun. and ftars. 

h ^ 


1774^. Aug- 15. Clock ’at noon, by fix fets of the So 

1 1 

39 »o >5 

Clock at iioorij ,by feven clitto^ — 

1 1 

38 28,5 

22 ,» Clock at noon^ by eight ditto, — 

1 1 

34 45 '"” 

23* Clock at noon, by two ditto, — 

II 

84 4 + 

24* Clock at noon, by fix ditto, ~ 

1.1 

33 •’•3 + 

25* Clock at noon, oy Icvcn ditto, , 

1 1 

3'’- « 4 xS 

29* «< A(|uila-^ on merklian by the clock, ~ 

8 

3.5 4'2 + 

30. Clock at noon,, by four fets of the Stin, 

II 

2 9 U, 2 ***** 

31^ Clock at noon, by three ditto, ~ 

1 1 

5.8 40 -f 

1774, Jaly 24. Clock at noon, by four ditto, ~ 

0 

a 9+ 

29. Clock at noon, by two ditto, ~ 

0 

3 2S-— 

Ang* 21. Clock at noon, by four ilitto, — * 

1 1 

59 5 * 

-27. Clock at noon, by three ditto, 

1 1 

59 36 

Sept* 2. Clock at noon, by four ditto,,. — 

1 1 

59+ 

Clock at noon, liy five ditto, 

ii 

47 Sf>-+ 

6. Clock at noon, by three ditto, 

II 

47 C 

*X4« Clock' at noon, by tlircc d,itto, — 

11 

46 15 

' a Aquilie croltet! a vcnicn.1 ,by the dock, 

f) 

'.17 24 

20. ' « Aquik' crofial the fiune vcitical, 

6 

4 4.9 

21.. Clock at noon, by tluxe Huk of the Sun*) 

1 1 

4.S 5'«.5 

'22* Clock' at noon, by three ditto, ~ 

% t 

4.5 

1775, Clock at noon," by five ditto, 

1 1 

59 47-1- 

16, Clock at noon, ' by live ditto. 

1 1 

59 54 "i- 

18* Clock at 'noon, by live ditto, ■ — 

’ll 

59 .50+ 

22* Clock at noon, by ten ditto, ' ' 

1 1 

S 9 45 + 

a8* Clock at noon,' by four ditto, ' ~ 

’1 1 

5B 58,5 + 


The altitudes arc correfted by the e<|uation for declination. 


For 
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For the Longitude of Louvain. 

1773, Anguft 1 5, immerfion of ’s firft Jflitcllitc. 

At Tih 28' 31'^ by the dock, fdf. , 

II 28 54 ditto, my fon, 

Apparent times. 


h 

At "Paris, Mr^ messier^ 3| feet achrom, good,- — ^ ii 41., 5 

At Geneva, M. mallet, 10 feet achronu fine fky, — ^ 11 

AtTyrnaw, f. weiss, — , 

AtPeterfburg, — — ™, ^ 

At Louvain, - ~ ^ — 11 50. 5 


On a mean, Louvain EaJd of Paris 9^7'^+. 

Aliguft 2 2, immerfion of ’s firft fatellite. 
At 1 3h 1 8' 5 2^' by the clock, hazy, ,felf. 
13 ■ 19 24 ditto, by my fon. 


AtCorteil, M. MiissiER, 3a inches rcfle£lor, fine, •— ’ 3-37 ®S' , 

At Pctprlburg, — • — *• ■ — — 15 a8 ao 

At (iriefswalde, : — , ao 44 ' 

At Greenwich, fix feet rcfltiftor, — — 43 '‘4 ■ 

At Louvain, ■. . > — ■ 23 45^^";?. 


On a mean, Louvain Raft of Paris 9' 4 /^;^, 


For. 3 



64.6 


M;-\ iM GOT'r’s Jtjlmmnkal Qhjermtkm 


I'or the Longitude of Louvain. 

1773, Auguft 2,4, imraerfion of ^ ’s fecond fatellite. 
At 9I1 56' 2,^" \yj the clock, felf, good obfervatioii. 

9 56 43 ditto, by my foil. 

(hi 

i\pparcnt times,. 

h f 

At Corbel I;, MmessieRj refleftor as above, doubtful^ 10 14 52. 

At Pcrlnakfo, M, maraldi, 3 feet achrom* fine — 10 35 31 

At CJcneva, M. AXALLET,; 1,0 feet achroin, ~ ~ 10 29 14 

At Stockbolm, M. waiigentxn, id feet achrom* good ~ 11 17 as*. 
At Louvai% * — ' ' — ~ — 10 23 45 

On a mean, Louvain Eaft of Paris 9' a S'"}# 


Auguft 29, immerfion of v’s firft fatellite. 

At ish 10' 40'^ by the clock, felf. 

15 II o ditto, by my fon, good. 

At Paris, M. miu^ssijkr, acliroin, as above, good, — 15 3a 41 

Ac Geneva, M. MMtux, achroin. as idwe, line, <«- ■ 13 47 40 

At Pei’inakio, M. MAftAtni, achrom a» above, line, — 1.5 S.5 49 

At Mufwcl"hill Mr. DAiJiy, ' %z 34 

At Louvain, ■ , — , «« 13 4* 25 

'''7' ; ■ On a mean, ■■Louvain Eaft of PariS' 8^ siL 


For 
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For the Longitude of Louvain. 


1773, Aiigiift 31, immerfion of ^’s firft fatellite. 


At 9I1 39' i'-' by the clock, felf, good, Moon-light. 

9 3^ 50 ditto, my fon. 


Apparent timcs« 

h t m 


At Nolon^ Cardinal m luynes^ aclirom. 60 tiines^ 
AtTyrnaw’s p. w.Eiss, — — 

At Pcrinaldo, M, makaldi, aclirom« as before, 

At Oxford, Mr. hoensby, achrom. 3^ feet, dear, 
At Greenwich, 6 feet rcflcftor, ~ 

At Louvain, ^ ™ 


10 4 4 S 
10 a 7 

IX 22 16 

9 47 36 ' 

9 SI 57 

10 10 39 


On a mean, Louvain Eaft of Paris 9' 31 '',2 


Auguft 31, immerfion of fecond fatellite. 

At 1 2h 30' 49" by the clock, felf, hazy and Moon-light. 

AtPerinakb, M, maraldi, achrom. dsubtful — 13 14 32 

AtUpfaT, ■■ ' ■ ■ — , — 13 55 , 20 ' 

AcGaneva, M. mailet, achrom. as before, thin fog, 13 8 51 

At Greenwich, fix feet reflector, — ■ — ■ n 43 ■ l 

AtLoovain, . ■ 13 .3 31 

On a mean, Louvmn Eaft of Paris 8^ 42K 



648 Mr. pigott’s AJlrommkal Ohjervatiom 


l''or the Longitude of Louvain. 


1774, July a4, immci-fion of fecond fatcllitc 
At 1 3h 5' a" by the clock, felf, doubtfuL 


'13 4 30 by ditto, my fon. 


Apparent: 

h * ff 


At Purisj, M* MESSIER^ achrom* asbefore, a little doubtful,, 
AtGciieva;> M* TREMniAY, 10 feet achroitu line, ** 
At T’yniaw, ' . , ~ 

At Gixcawlcli, fit feet reilcdor, — ' 

At Louvain, ^ 


S3 25 
L> 7 5S 
LI 54 21 

i e. 4^5 4y 


On a mean,- Louvain Eaft of Paris 9^ 29^''+, 


July 26, immerlion of firft fateiUtc. 

At i5h 2 1' 7^'' by the clock, fclf, good. 

15 21 9 ditto, by my fon. 

At; Geneva, M. MAi.iKT, achroni. as Iwfoi'c, fuie, — 15 *4 O 

At Milan,, tdetcopc magnifying aoo times, — 15 36 

At Louvain, ' ■ ,<— —■ . ««, . 1,5 15 

On a mean, Louvain Eaft of Paris 9' 1 %, ■ 


For 
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649 


For the Longitude of Louvain. 


1774, Auguft a 5, immerfion of it ’s fecond fatellite. 


At I ah 5 1' 36'' by the clock, hazy, my fon. 


At Perinaido, M, maraldi, aclirom. as before^ good 
At Paris, M. messier, ~ 

At Geneva, M. mallet, fine weather, — 

At Stockholm, — « 

At Louvain, — ~ 


Apparent times* 

h f >' 

13 3 59 
12 42 40 

12 57 45 

13 46 I I 

12 51 ss 


On a mean, Louvain Eaft of Paris 9' i". 


Auguft 37, immerfion of if ’s firft fatellite. 

At I ih 54' 45'^ by the dock, my fon, good. 

AtUpftil, — ~ ~ 1 a 46 3a 

At Milan, telcfcopc as before, “ ^ ^ 13 7 

At Louvain, ~ — ii 55 12 

On a mean, Lolivain Eaft of Paris 9' 3 9"', 5. 


September I, immerfion of Af ’s fecond fatellite* 

At I sh 30' 5 6" by the clock, my fon, good. 

At Geneva, M. MAiLET, achrotn. as before, fine *5 37 *7 

AtTyrnaw, ^ . — . ' — ^ \ i6 33 '"$ 

At Louvain, — — *5 '5| 

On a mean, Louvain Eaft of Paris 9' 


MM ' wtMlaaw M. *»<%•«•• 

VoL. LXVIII 


4 L 




650 Mr* I'lGOTt’s AJironomical Qbjermtlms 
For the Longitude of Louvain. 

1774, Odtober i , immerfion of ^ ’s firft fatellite. 

A.t I oh ai' 46'^ by the dock, my fon, hazy. 

Apparent rimes. 


A.t Greenwich, fix f«t refleftor, — -■ 

At Paris, M. messier, rcfic£tor 2-| feet, excellent, — 

At Milan, telclcope as before, — ■— 

At Geneva, M. mallet, acbroin. 10 feet, fine, -- 

At Oxford, Mr. HORNSBY, 3I feet achroro. imgnifying 100 times, 
At Marfeillcs, telcfcope magnifying too times, — ■ 

AtTyniaw, ■ — * — — — - 

At Stockholm, ~ — — , 

At Peterfburg, — — •— — - 

At Louvain, , — 

On a meau, Louvain Eaft of Paris 9' 36*'' 


10 15 s 

10 24 45 
10 51 45 
10 39 19 
lo 10 19 
so 36 22 
J1 25 9 
S I 26 59 
12 j6' 5 
33 S«* 


Odober 14, immerfion of fecond fatellite. 
At 7h s 6' 7'^ by the clock, my fon, good. 


At Greenwich, fix feet refledor, — . 

At Paris, M. messier, 3I feet achrom. good. 
At T yrnaw, ■ — 

At Upfa!, ' — - 

^ At Stockholm, . w'. ' ' ' ■ ' . <***• 

At Louvain, . ' ^ t ^ 


On a mean, Louvam Eaft of Paris 9' 


7 n 23 
7, 20 4a 
* as IS 
9 ai s8 

8 24 4 

^ ^9 S3 
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For the Longitude of Louvain. 

1774, October 21, immerfion of %’s firft fatellite, 
At 8h 39' by the clock, my fon, Moon-light. 


Apparent times® 

" ' h / // 

At Greenwich, fix feet refleflor, 8 35 c 

At Paris, M, messier, achroin, as above, good, — - 8 44 47 

At Milan, • — “ ---- — 9 ii 41 

At Geneva, M. mallet, achrom. as above, — 8 59 20 

At Oxford, Mr, hornsby, 3I feet aclirom, thin fog, 8 30 26 

At Louvain, ~ — ~ ~ 8 53 29 


On a mean, Louvain Eaft of Paris, g" i'* 

October a.i, immerfion of "V’s fecond fatellite. 

At 9h 5 5' I s”' by the clock, my fon, ® near % . 

At Greenwidi, fix feet refledor, — 9 51 i 

At Paris, M. MESSIER, achrom, 3| feet, excellent, — ■ 10 o 27 

At Geneva, M. tremblay, Moon-fliine, — ^ — 10 14 43 

At Milan, tclefcope as before, — — 10 27 12 

At Louvain, , — — . ■ — ^ 10 , 9 17 

On a mean, Louvain Eaft of Paris 9' 1 3''. 


4 L a 


For 
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For the Longitude of Louvain. 


17 75,. February 15, emerfion of *3^ ’s firft fatclllte*. 

At 6h I 29'' by the clock, felf. 

6 1217 by ditto, ray fon, good. 

i\pparcnt tlaicj?*. 

h ^ 


jfiit'GreeEWid% rcfl^flor^j aircleai'^^ But twiliglit-^ reflcftor^ 5 S3 ® 

AtPans» M* MESSIER^ achrom* aa before, excellent,,. — h % 33,^ 
At Louvain, — **-* 6 1% 22 

On a mean, Louvain Eatt of Paris 9'' 46"}, 


February 19, emerfion of ’s fecond fatellitc. 

At 8h 36' 46''' by the clock,, felf, good., 

8. 36 20 ditto, by my foil.. 

At Greenwieb, achroni. 3I feet,, very fine, 8 17 

At Tjrnaw, •“ ' 9 ^7 $7 

At Louvain, ' ~ ^ g 30 

On a mean, Louvain Eaft of Palis. 9'' 

February aa, emerfion of v ’s firft fatellitCi 
At 8h 8' by the clock, good, 

8 8 a6 ditto, by my fon. 

X.UI^ilCn',.. ' ' ...... ' mm. ■ mm mm ^ 

.At Tyrnaw, ' <}■ o 6 

A« Stockholm, ' — 9 * 5S 

At Oxford, Mr. HORNSBr, achrom. emerged quick, 7443a 

At Greenwich, fix feet refleftor, ' — ■ »«. 7 4g gy 

At JLouvain,' ■ — «.i ' 8 84^, 

On a mean, Louvain Eaft of 'Paris 9' 39''' ' 

■' ■■ ' a 
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RESULT.- 


B| the immerfionst. 


The mean- 


'9 7 
9 4i 
9 25i 

8 51 

9 31- 

8 4% 

•9 29 

9 If 
9 2 
9 39l 
9 261 

;9 3“ 

9 13 
9 I 
,9 13 

9, I3f 


By the emerfionsy, 


The meanj 
By the immerfions^ 


{ 


f ff 

9 46 f 
9 52 
9 39 

9 46-- 
9 13 - 1 - 


By a mean of immerfionsl 


and emerfibns- 


]9 30’ 


If the ohfervations made at Louvain, excepting that, 
of the fecond fatellite of Auguft 31, 1773, in which! 
fufpedl an error of a minute, be compared to thofe made, 
at Greenwich alone, with which there is a.hngular agree- 
ment, they hand as follows:: 

f9 5* 

9 46 

■ ‘ 9 57 

Immerfiens,,, . i 9 SS 

934 
1 9 33, 

1 9 go 

Mcaist — ',. 9 ’'' 42 i 


m 


C*” 9 

'Emcrfioi5% , « >9, 

1 9 30*; 

: By a m^m of' cmcrfidi% 9 45 
[ '.By; ditto of ^ ' 9' 4a| 



(>54 pioott’s AJlrdmmkal'Ohfervathns 

U* a mean be tak'en between 9' 30''', the refult of the 
whole of the compared obfcrvations as above, and 9' 43" 
the mean of the Louvain obfervations, compared with 
thofe made at Greenwich only, the mean of fhefe means 
will probably be very near the truth, and give the Refuge 
(ie Frowperg<, Rue des Dominiquaines^ at Louvain, g' 37''- 
in time, or a®' 24 ' t 5'' of a great circle, Eaft of the Royal 
Obfervatory at Paris. 

Farther obfervations of Louvain. 

1773, Auguft 15. 

At 3 I1. P.M. in a SSE, room, out of the Sun, faiirEKWEit’s 
nioractcr Hood at — ™ 

At 4 h. P.M, ia a Nortli-eaft room, — — 

At 4 b. 30' in a garden fereened from the S«n, -* L 

1774, Oi 51 ;obej* 5. 

, Apparent times. 

h * 

Immerfiort of it’s third fatellitc, with a reflector 1 8 focalkngth, 1 g 

by SHORT, magnifying 130 times, hy my fon, — f 9 57 ® 

' I 77 'S> February iB. 

Occultation of Saturn by the Mcfon, 

Cont»£l of Saturn’s VS^c:ft and — • 

Total immerfion of Saturn’s body, -*r — 

Total imraerfion of the ring^ . m. 

By 


9 as G 
9 as 39 
9 26 J 


ther- 


]nf 

n 

n 



made m the Auftrian Nethedatids. 6^.5 
By my fon, with the fame refle6tor as above, mag- 
nifying 95 times on Saturn’s emerging from a cloud, 
he appeared in contadl with the limb of the Moon at 
ph a t/ 1 5^'. The fuddennefs of this obfervation may 
poilihly make it uncertain for a few feconds. At the total 
immerfion of Saturn’s body, the Eaftern part of the ring 
became very faint by the brightnefs of the Moon. Va- 
pours affedted pretty ftrongly both Saturn and the Moon. 
Clouds hindered from feeing the emerhon, 

March i. 

Apparent timest 

h / // 

Emerfion of Oi-’s firftfatellite, very flow, felf, — 10 5^19 

I have no cor,refponding obferYation. 



(y $6 M)\ pigott's JJronomkal Obfermtions 


For tlic Longitude of Bruffels. 


1773, Nov. 1 , cracrJfion of v ’s firft fatellite. 

At I ih 23' 23'' by the dock, felf, good. 

II 23 32 ditto, by my fon, good. 

' ' ' Apparent times# 


At Grreenwich, fix feet refle£lor, 

At Paris, M* messie^i, 3§ feet achrom# good, — 

AtPcrbiaklo, M. aiaralbx, achrom* three feet fine, , — 

At MafweHiill, Mi\ palbt, « — 

AtBruffds, hy my obfcmtiOD, ~ ^ 

On a mean, Bruffels Eaft of Paris y' $ 7 ‘ 


k > /> 

12 2 JO 

11 II 49 
31 33 24 
II I 16 

IX 19 34 


Nov. 10, eraerJloii of v ’s firft fatellitc. 
At yh 5 1' 20" by the clock, felf. 

7 51 1 5 ditto, my fon, good. 

At Grcenwidi, by tables corroded, Phil. IVanf. 1777, p. 183. 

At Brtiffels, 

On a mean, Bruffels Eaft of Paris 8' 


7 a6 la 
7 43 33 


December l o, emerfion of ^ ’s firfl: fatellitc, 
At I oh. 14' by the clock, my fon. 


At Greeawidi, fix feet rofleflor, ,, _ — 9 S 9 

At MufwcWiin, Mr. balby, ; — . 9 a? 32 

AtBroflels, — — ■ . ««. , ' -»« , 9 43 34 

On a mean, Bruffels Eaft of Paris 8' 

7 V ' ■ ' ' ■■ , '■ ■' For 
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For t:he Longitude at Bruffels, 

1775, December 1 9, emerfion of n % firft fatellite. 
At 6h 42' 48", by the clock, my fon. 

Apparent tinicst 

i< r n 

At Tyrnawj f. weiss, , ~ 59 

At BruHels, , ^ ^ _ 6 , 6 

On a mean, Bruffels Eaft of Paris 8' 6'''. 

1774, January r i , emerfion of n ’s firft fatellite. 

At yh 8' 7" by the clock, my fon. 

At Paris, M. MEssujR, 3|- feet achrom. good, — 6 4 24 

At Stockholm, M,. wargentin, good, — — 772 

At Bruffels, — — — — 6 n S 7 

On a mean, Bruffels Eaft of Paris 7' gg'fi 

February 3, emerfion of v ’s firft fatellite. 

At yh 34' 10''’ by the clock, my fon. 


At Paris, M. MESSIER, aclirom. 31 feet, good, ^ IS 33 

At Stockholm, — , , — . — . — . , 7 iS lO 

At Upfal, — — — . ' ^ 7 1617 

At Bruffels, ' — ' — 6 23 40 


On a mean, Bruffels Eaft of Palis 8' ao". 

vojL. Lxvm. 4M 


For 
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For the Longitude of Braflels* 

1774, February 18, emcrfion of ^’s fecond fateliite. 
At yh 24'' 58'’'' by the dock, my fon. 

..Apparent ciiaes# 

h / ti 

AtTyniaw^ f^weiss^, ~ — — 7 ^ 

At Stockholm, M* wargentin, — — ~ . 7 3 3^ 

At Bruffcis, — ~ ~ 6 8 44 * 

On a mean, Bruffels Eaft of Paris 8' 6 

R E s u L T. 

The mean of thefe enierfions give Bnificls Eaft of 
Paris 8' in time; but if the obfervation of January ix, 
1774, be rejeded, as it ought, becaufe diftbring confi- 
derably from the I'eft, ' 4 :he mean of the others will give 
the Court at Bruffels 8' 7" in time, or 1 ! 45''' in parts 
of agreatdrcle,,"Ea£tof'the.lloyal Obfemtory at Paris* 


Fftrtlicf' 
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Fartiior obfervations at BriifTel's. 
i 5'73, Odfeober 27. 

At II RM* litiglit of quickfilvcr in x'Aiuiehheit’s thorraometer] 
in a SW* room, ' out of the Sun> ~ j 

At yin P.M. in a NE, roonij ~ ™ ~ 65I 

'At 9§ In P.M. in the fame room-, ™ 5^1 

At II h. P.M, in thefBiBO room, ~ , 5^ 

A little wind from the weft; cloudy; I was obliged to 
open the windo'ws till 9 h. P.Tvh • 

November 1. 

Oecultation of Aldebaraii by the Moon, felf. ‘ 

Apparent timestt 

i\ / ft 

The liar feemed to touch the Moon’s Uiiib^ ~ 9 33 3 

The flar, which fccnicd on tine Moon’s difkj^ vanifliedji *— 9 33 ^ 

''Oecultation, by my foil, ^ 9 33 I2|, 

Aldebaran entered |lh nearly of the Moon’s diameterj 

South of the fi»t Griraaldus. The night was very fine 

at the oecultation, but clouds hindered feeing the emer* 

fion. , ^ ■ ' , ' • , ' ■' , ' . ' 

November 12. ’ 

The quickfilvcr in the barometer, in a rodni one ftory 
high, at 7 lit P.M. ftood at 28,645 Englifli inches; the 
preceding night was very ftormy. 

'■ ■ ' ' 4M:a , '' :i 774 > 
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1774, t^'chruary j 8 . 


Apparent times. 

Immcrfion of a tclefcopic ftai- into the dark part of the Moon ; j ^ ^ 

iaftantancous, bymyfon, — — — 

This ftaris fetdown in flams te ad Ji/as Cerb^iis as 
follows : 

61° 57' R. A. 

15 ao Declination North. 


April 14, 

Emerfioii of Aldcbaran out of the enlightened pai*t of the Moon^l ™ 

oppofite MareCrifiuin j inftantaneousj weather very finej fclf, j ^ 
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XXXI. Ohfermtions' on the Scurvy. By Charles De Mer- 
tans,, ilf. D. Vienna, Jan. 14, 1778.. 


Read May 7, difeafes of a great multitude of 

1778. § 

i:)eople,. who live in the fame manner,, 
and are obliged to live upon unwholefome food, are to be 
corrected by a correction of the food itfelf, and not by 
any medicines properly fo called.. 

Conliftently with this principle, 1 have always thought 
that the fait provifions ufed by fca-faring people being, 
the principal caiife of the fcurvy which makes fuch fatal 

havoc 


Obfervatkns fur la Seorbut. Tar M. Charles! de Mertans, 

DoSieur en Medecme. 

L ORSQU’IL s’agit dc la confemtion dcia hntt; d’niic iiaultinidc dc gftns 
vi vans tons dc la uiSmc nianicre, ct obliges cle fe nourrir priucipalcment 
d’alimens qui ralterent; c’cft dans la corre<3:ion dc cette aiourritarc, et non dans 
Ics remedcs donnes comme lucdccines, qu’il faut cherchcr Ics moyens de ks pre- 
fcrvcf des maux, aoxqwls Fexperxence dcraontre qu’ils font les plus fujets. 

D’apres ce principe j’a todjours cru que ks provifions M&s, dont ufent jeS' 
gens de mer, etant la principale caufe du fcorbut qui attaque les cquipages.dank- 
ks voyages dc longue durcs,, et pi'ive fouvent Ics vaifieaux dcs bras /titeflairea- 
' ■ ■' I ■' " ' ■ ' ' '' 
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havoc amoogft crcvvs engaged on long navigations, it was 
ucceBary to [tiu! out Ibme food of an oppodtc nature to 
tills, capable likcsvifc of being preferved at iea. 

Salt provilions arc hard of digeflion; ancl wc aibknow 
that all food, which our, powers of digeftlou c annot rc- 
tUice to a good chyle, undergoes in the prhUiV 7.vk.’ inch 
alterations as are proper to the refpeitive fpccies of it in 
regard to heat and humidity; confcqucntly, the chyle 
produced by fait provifions partakes altogetlicr of an 
animal nature tending to putrcfaiSlion. Wlicn it mixes 
with the blood, it incrcafes this difpofltion wide h our 
fluids have of themfelves ; and thtis, by degrees, intro- 
duces that flow putrid degeneration which we call feur- 
vy, of which, I am perfuaded, there is but one flirt, dif- 
ferent in its degrees. I am likewife perfuaded, that the 
fea and land fenrvy arc the fame diforder, ariling' from 

flmilar 


pour l«8 concluiit, il falioit clioixhcr a y oppofer des alinwos ti’uuc jiiiturc con* 
nxire ft qui i'e conicrvallcnt fur iner. 

Lfs viandcs falecs font dc cilfEcilc tligcftion, ct nous fWons qwe U’s alinu-ns 
fjuc nos forces digcgives nc peuvent pas rdduire cn bon chyle, fubiilent datis ius 
prcaiicrcs voyes ics aliurations propres a Icur ctpccc dans la dudciir ct riiuinklitf j 
par; confequent ■ Ic chyle prbHuit de, viapdcff falues feules, tient cnlicrcujctn tie la 
nature animale tciidante a la putrefaStion.' ' Lorft|u’il fc.mtk-, au fang, ji aug* 
iHcnte ccttcdifjxjfitbn, qtic nos fluklcfibnt'dqapar'cuK'iiipnfS, ct par' la pcu l 
peu introduit cette dcgcn^raiion putri'dc Jcntc,,,,q«c nous appcitons ftorbut, dent 
jc fuis perfuadd qu’il n’y a- qu’unc fculc'cfpect^ ',qut a dilttjrcn* degre's.' Jefut# 
'a«|l'Com'ai«cu qua Ic fcorbut dc meretedui de 'terre font !a raume .maladie, 

■ , ' ■ ■ ' , " ' , 'prodwitfi 
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iiiiiilar caufes. that is, living upon fait meat or fifh, fev/ 
or no vegetables, damp lioufes. See. 

To prevent then or correct this alteration in the hu- 
mours, we rauft find out fome antifeptic aliments, which 
may keep a great while, and not be fubje< 5 t to be da- 
maged from the alteration of climate. Now, I iifed to * 
think, that four-krout, or fermented cabbage, fo fre-r 
quently ufed in Germany, had thefe qualties ; that though ■ 
it did not always pleafe thofe who eat it for the firfi: time, . 
every body foon grew ufed to it, and found it good and ; 
wholefome food ; that failors in particular were very 
fond of it, efpecially when they had no other greens. I ; 
had accordingly fcveral converfations upon the fubjedt, 
twelve years ago, with Meflieurs preston and l angle y, 

in ^ 

procluilc par dcs caufes femblablcsJ nourritnre dc 'viandc ou poiffons falcsi peu . 
ou point de vegetaux, habitations Immides, &c, 

11 s’agit done, pour prcvcmrou corriger cette ulluration des Inmicurs, de pro- 
curer des aUmetisd’unc qualitd antifeptiijue, qvii. puifient il- confbwer tong tcnis, . 
et <|ue les changenicns-de climats ne gatent point. J’ai enujue le I'auer-kraut, 
oa choujc fermemes^ dont .on-fait fi, grand afage en A1 Icinagnc, avoi t ces (pialites ; , 
quo fi elk nc pkifoit pas tOBjoars a .ceux qui c.n niangeiii pour la pi’cinlcrb fois, 
tout le mondc s’y accoutupioit biontSt, ' et la trouvoit im mets bon ct nourriirantj , 
qacics marins en feroknt leurs delices, fiirtout lorfciu’ils manqueroient d’autres 
legumes, J’cus il y a une dopxaine d’amiees pluficurs converfations k ce fojet' i 
avee Meff. ianglois et preston, 'attacbe$*ki, adkmbaffadp, de itiiy lord. Wait- - 
MONT, qui m’lionnoroient de, ,Jc'-d6firviE\qu’enfit 

^ ■ ' tranfpo.rkr.* 
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in which I exprefl'ecl my wiflies that four-kroiit might 

be carried out and made part of the jQiips providon. 

lH)r ionie years paft I have feen, with great j)leaiiir(g 
in the public papers, and the relations of travellers, liuit 
the trials 1 wiflied for have been crowned with fuccelis; 
and that the prefervation of the healtiis of many t iews, 
which have gone round the world, has l)ccn owing to 
four-krout. The i>refervation of fea-faring* people is an 
■objctSl fo important to many tiations, un<l whoever con- 
trilJiitcs towards it does fo cflenlial Icrvice to mankirul, 
that I will now communicate other methods, whitlj, 
joined to the firft, will Htvc to keep oft' the feurvy, as 
well as to cure it more readily and more furely. I’hcfc 
methods are iikewife in the ftxtd, and they conlilt of ve- 
getables eaten in a Ifatc of crudity, and fuch as the cartli 

affords 


tranfporter U fliiiw-kraMt fur tticr, pour cn faire uiw parlic dc la iiouititurc dca 
<£q«ipages. ' 

Depujs qucltpes aanccs jc U« avee unc vraye fatkfafl ion dans Ics papiers pub- 
lics ct ics relations dcs Toyageurs que ccs cll'ais ont parlaitcincnt rcitffi, ct que 
e'eft en grande paitie a k iaocy-krawt que I’oii doit la fame dc plufwurs equipages 
de vaifleaux qui oqt fait le.tour du tnondc, ' I/a confervation <ks gens dc mcr eft 
nn article dcs plus impdrtanspour pi oficurs nation*, et cn y travaillant on rend 
fervice a une grande partie du genre Hninialn. Dans cette vue je vais cornmuni- 
q[iier de nouveaux moyens, qui, joints aux premiers, fcrviront ii pj-dferwr du 
fcorbut, a en , arreter leg progres, ei mkv^. 'a. kguiSrir plus promptemenr ct plus 
iurement, Jc les trouvede mcme'dans la inobrntarfe, font dcs d® 

differentes efpcccs manges dans rdtat dC'eru<IitdPet''tcb4a«k'Wrre Ici dotiiw. 

■ ■■ :■ ,• . ' ^ " :■ '■ :■ Jo 
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alFortls them. I am convinced, that all the greens tifcd 
ill oiir kitchens are much more antifcorbutic when they 
are raw than after they have been boiled in. ivater^"'^, or 
Iiave gone through any other prepai-ation by lire. I 
ground my opinion upon experience, the fafeft of all 
guides, and fliall therefore begin with the fafts which 
led me to it. 

I was furprized to find, during an abode of many 
years at Mofeow, that many gentlemen merchants and 
ftrangers were attacked by a flow feurvy, having their 
gums foft, fwollen, and blueifh, the breath ftrong, and 
many fcorbutic fpots at the legs, whilft it was rare to find 
among the lower people, either of town or country, a 
fingle perfon with thefc marks. I’he nourifliment of 

(a) Perhaps it is bccaulc they lofe a groat deal of ilxed air by cbuUitioru 

the 


Jc luis airurcqiic tons les legumes dontonfe fert duns nos cuifmes, fontinfini- 
iiicnt plus antifcorbaliqiies lorfqxPils (bnt cruda, que (juand'ils ont cic boiitOis (&} 
dans dc Teaiv on (pdils ont pafl'f partouregiutre preparation an feiu^ Jc me 
fondc fur Ic guide Ic plus ling i^cxiTcricncci e’eft pourquoi' jc commcnccrai par 
rapporicrdcs faits^' ' 

I^nulaut lui dejour clc pluficuTs annecs qne je ils a Mofco% jc fusTurpriS d« 
"trouver bcaricoup hie gcntils hommes^ dc marchunds ct d’etnmgcrs, , attcints 
tfiin fcorbuticntj'ayant' Ics gcncivcs mollcsj gouflecsj ct bleuatrcs, 'rhaleinc 
puantcy et plufieurs de$: taches; ’fcorbutkpies ' aux jambesj' tandis\quc parmi Ic 
pcuplc.tant^de la Yillc quede.'Ia campagne il ,eft/tres' rafc^cle trouver'un:ftuI 
homme qui ait la' moindre cle ce$ marques* La; nourriture; des premiers 

, par« 'ijifils'per ae kitr^ab ' 

' VoL, LXVin. '"'4 N" - , firtout 



666 Dr. DE MERTANs's Qhjervatkns 

the former confifls of a great deal of meat, both fait and 
frefli, and likcwife of fiih; they lehlom eat any greens, 
except now and then a fonp made of fotir cabbage, 
exactly refembUng the German four-kront in every 
thing, fave that this cabbage is clu)p|>cd fmall, whereas 
the ibur-kront is cut according to the length of the cab- 
bage, Their common drink is very four fmall beer, 
called qims^ befides which they drink wine, the beer of 
the country, Englhh beer, and a fmall glafs of brandy at 
leaft before every niciil. They eat very little bread. 
The common people live all the year upon this four cab- 
bage foup, in which they boil fait meat on common days, 
and fait or dried filh on meager days and during their 
four lents (which are more than a third of the year) 
when they add to it very ftinking lin-feed oil inftcad of 

greafe 

flirtout en beaucoup <lc viantlc, tant ffuichc que falcc, et clc poifTons tie mcnic: 
ils mangent peu ou point de Irgiimcs, cxccptii de tems en tciM d*unc foupe atix 
clioux aigres, qui reflemblent enticrement a la lauer-kraut d’AIIemagnc, finon 
qu’lls font baches mcnas, au lieu que cdlccy eft coupt'c Ibivaut la largcur dcs 
dioux. Leur boiffpn; ordinaire eft unc petite bierre fort aigre qu’ils noinment 
' ils boiyeat en outre-duvin, dela bierre du paij, de !a' bierre d’Angkterrc, 

ct nn petit ve'rre dkatt'dc tic in ’nioini aVaiit: chaqw repas; Us mangeiit fort 
peu de pain, Lc peuple vit toute I’ann^ de cette foupe aax choux aigres, datw 
laquclle on c«it de la viande falee !cs jpurs gras, et du poiifon laid ou icclie Ici 
Jours maigres et pendant Icursquatte careiacs, qui font 'jdusd’uti tiers dc l*annde, 
ilors ils y ajoutent de' I’huile de lin fort puaalc la' lieO' de graiffe ou de beurre,, 

' ■; ■ ,, , \ ' ' -Dam/ 
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greafe or butter. lu this foup, which is called fcbjli^ both 
in the meager and other feafons, they boil meal, princi- 
pally that of Saracen wheat. They eat cucumbers like 
the others in fummer, and fait them for the winter. 
They like wife feed very much upon oat bread. The 
common people live in fmall wooden houfes, generally 
very low, in which they get together both night and day 
during three parts of the year, on account of the great 
cold. There is little air in the room, the windows of 
which are very linall. Here they ftew together in hu- 
midity and naftinefs; for, except the bath, which, as well 
as thofe 1 have mentioned firft, they ufe once a week, 
they are extremely nafty. 

Here then are many reafons, all of which (except the 
conftant ufe of four cabbage and bread) fliould make 

them 


Dans cctta foup®, qu’ils appcllent fcbfll, en maigre et cn gras, ih font cuirc des 
gruaax, fnrtout celui de bled S.wafzn. IIs niangent, de mcme que ks prc- 
nziers, cn cte des concombres, e.t les font faler pour riilvcr, IIs fe nourilTent 
adG beaucoup de pain de Les gens du pcuplc habitcnt dcpctites mnifons 

de boil, ordinairement balTes, ou il fc raffcmblcnt nuit et jour en grand nombrc 
Ics trois quarts de I’annec, a caufe du grand froidy il y a pc« d’air dans lea 
diambrea, ks fenetres en font fort petitcs : ils y croupiffept generalement dans 
la malpropete et I’hiimidite. A I’exception du bain.dpnt jls fc fervent, de infiine 
que la plus part de ceux que j’ai nommes cn prcnafer lie^, upe fois la femainc 
BU moins, ils 'font fwt '.walpropres, ' ,'.1' 

Voilabiea-des raifens, Ic ploa,,g:ran,dyfa|e.^c, ai|r£sit„,sic.pnin,' 

^ , " 4 N a' : ' ■' '■ '■ qui 
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them more fubje<£l to the fciirvy than the people of 
fafliion, or thofe who live at their cafe; a conftaiit life of 
meat or fifli that is fait (for they clteiaii neither fb ninch 
when they arc frcfli) much more brandy, fiitii and damp 
in their hoiifcs, lefs change of deaths or linen. 

I was many years making thefe ohfervations, and in- 
quiring what it was that could preferve them from the 
feurvy, which, on fo many accounts, they ought to have 
been more fubjed: to than the others. It ajqiearcd to me 
that, cxciulivc of the daily ufe of the four cabbage, which 
I conlider as the raoft powerful of all prefervatives, they 
were indebted for their fafety to the great quantity of 
raw greens, fuch as onions, leeks, raddiflics, turnips, peas 
in the pod, and others, which they cat. The berries of 
Vaccinium, with others much refembling them, called 

kioubna^ 


C]m clc^mient rendre cciix cy jdu5» fnjets nu fcorhut que Ics'iioWcm ct Ics gens 
aifes; prcfq’uc tofijours;<le la/Ytamle ou.tiw'poiirihi fa!c (ils ric foritmcriic pas tmit 
cte cas'clc Tune et ctci'aiitfc qtianit, ils’fonr frai?*) bcaucoyp plufi ePeau de yie^ la' 
Ilia! proprete et c!c1eqri maifbn% Ic changciiicjit plus rare cle^ !higc ec, 
cfl'iabits, ' ' '' ■ ' ; , " ’ , ^ ^ 

Je fm qiictqaes amides' I ialre ces obfemtiows' ct a chcrcher ec. qui 'poovcilt 
priacipakriicnt les preferver ''Iti'feorbtjq' taritck Kiifoas ils aviroieiit dii 
etre attaques prcfurablemeiit aux ' il itie partit qif outre rulkgc jonroalicr 

tles'clioux aigres que jc regarde coinme le: plaspuMkat piiferratif fcorbut^.lM 
en etoient redevaWes k fe quails maOgem '■ qiiaatic^ de tegumer 
poimuK^ radis^, raves^ iiav,c% pok avee kurs gottfia*' ciii^:Vaeci* 

'' ' ' ' '' ' ' " ' nkim^ 
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kloukna, which, are of the fize of a fmall cherry and very 
acid, are, together with apples, ftrawberries, and .rafber- 
ries, alroofl: the only fruits of thefe countries. 

In the Foundling Hofpital, of which I was a phylician,. , 
there were every winter feveral fcorbutic patients. This, 
hofpital was built near the conflux of two fivers, in a 
place the foil of which has been raifed at a great expence.- 
As near back as the year 1770 there were hill ftagnated 
waters -to be feen in the place; but only a part of the* 
children lived there, the remainder lived in a hone houfe,- 
fituated upon an eminence in the neighbourhood. . 

The ufual fymptoms of the feurvy on thefe children! 
were, the fwelling of the gums, the naufeous breath, a. 
great languor and dejcd:ion'; they ufed to become cache- 

tic,;., 


Hium, et d’autres prefept* femblables q-u’iU appellent deja groffcar efuae, 

petite cerife et fort acicles^^,, Joiit avec Ie$ pommes, Ics fraifes et les frambo.ife% 
prciqnc Ic$ fcols fruits de ces. contrto* ■■ ■ ,. 

J’avu'is chaqrie awiec - civ.hiver 'et au ,printem% ; dans' la'Tiraifoa cles cufans 
trouve'*, dont j’dtois nredecin,, Beaucoup de fcorbutiques* On' a' bati cettc-.mairoii 
pixs'du cont, bent de deux 'rivieres, dans rm lieu dont , 00 'a rclevcde teiTcin a^, 
grands frak* . Jufqubn X 7 ; 70 c)n 'voyoit- encore pai^ci par la dc rcau croupifiaftte ' : 
dans cet eiidroitj- 'mats ilnY' qu’onc partiebes enfans'qui j ' dcme'urdt^; 
Ics'autres occupant iine-vielle maifonTlc pierre, ituee fur.unc eminence' -dans .le'.- 
voifiuage* ; '■ ' 

Les fymptoms ordinal res do fcorbut.chcs.ces enfans 6toient le.ganfiementdes;'; s 
gcncivesj lapefantcur,de la bouclie^^ unegrando/l^iStude^t abatement pllsb'o- f 
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tic, and of a leaden colour. In procefs of time tlie fwel- 
ling of the gums increal'ed ; they were uled to aifume a 
livid colour: pnftulCvS were formed in the mouth, the iii- 
fc(5tion of the breath grew moil horrible, the gums and 
all the infule of the mouth became gangrenous, the jaw 
bones were carious, the fall of the teeth followed, and 
tlie bones of the aheoli fell to pieces. The fick could 
fcarce ftir, though they had as yet no fever, and had a 
very good apiwstite. The legs of fome araongH them 
were from the firft covered with fcorl)Utic fpots, and dried 
crufts, like fcales; others only had thefe fymptoms after 
the mifehief had made a great progrefs. Moft of them 
had their legs fwelled. In fome, the flexor tendons of 
the legs grew iliorter, and ftiflened in fiich a manner 
that they were forced to keep always in a lying ixjfture, 

with 


f Cttoknt ct crime ccTuknir ploml.ec* Feu t\ pcvi Ic gmiflcmctttilcji 

gcncivcn augmciitoit^ tWm prenoicni uuc coukur livitici il fe lonnuii 
a Ja bouchc Fluakine repanddt^ imc inkdbn hornbk*; kii gciirive?^ et tmit Ic 
Mtm de la bonchc k ftitgrcuoit; ktosides m&lioite fc eariolciu^ It chute 
dei 'dents fwiwi'r^, et 'lelos: dcs.alvdolw toiiibairm nmiladcs 

pouvoient » ■'peine fcTemyeiv quoiejne t0flj.ours fam jlcvre; Ihipetit nc leur man- 
cinoit pas* ■ !!■ y .eiravoit idwt ks jambea cle« de comuwnccmmt' etoient cq«- 
Yertes de taclies fcorbntiqttes^ , et de’eroiatcs feckei comme des ccaillesj a d’lmircs 
dies me fciKMcnt larfcjne, le maletoit fort afance^ la plus' paitmvoi^ntles 
jambccs c ti flees. ■" Vlicz quclcpes^. , nas Jes tcml0p8,:fleckiC€urs dcs;', jafobes 
fc riiccourcifibicnb et/c' raidiffoicnt de fa^on cjukls etoiem.''; refter 
mntlnmlkmmt ' couekes^^ 'aytnt lea pkdi prei dci ciilffes|, tm'e 

, , , ■ , ' . ; : c0«pk 
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with the legs near the thighs. In two cafes the fume 
thing has liappend to the amis. 

llie gangrene of tiie gums and niinith, as well as tlic 
caries of tiie bones, idcd infeidlbly to incrcafe to fncli 
degree, that the bones of the aheoti and the fpongions 
part of tliofc of the upper jaw tiled to fall out. The 
mifehief was ufed, however, to make a How progrefs; 
there often elapfed a fortnight, and fometimes more, 
after the beginning of the gangrene of the mouth and 
caries of the bones ; and many months between the firft 
fymptoms and the ftage of the diforder I have been de- 
feribing. Even in this ftage, dreadful as it was, they ftill 
took non riflinient fufScient, and even much more than 
it would be thought pofFiblc they flioukl have taken in 
liich a lltviation. It was impoliible, however, they fliould 
live long in fuch a Hate, and ileath foon put an end to 

their 


couple dc fois arriver la mcine chofe aux lirai. 

La gangrene des gcnc'ives, dc la ImucIic ct la caric des os augmcntolcnt mfen- 
liblcintnf, ;vu point «juc ks os des alveoles ct la partie fpongieufe de ceux de 
L'lmachoirc fupericurc tomboient, Ce mal alloit lenicmcnt} il fc paflbit qiwl- 
<|ucs fois qiiinste jours, etmcmeplos, depuis k commencement de la gangrene 
de la bouche ct de la caric dcs os, ct pluficurs mois depuis I’apparitton des pre- 
roim fyrapeomes de la makdiejufqu’au point quo je viens dc d^crire, MalgrI 
cela ■ jls prenoient encore '.dans' .'ce ■ deraier' , piriode, dO' la ■,n.q|tjtkore 'ca 
fifante, etinfiniment plus cju’on n'aoroit pu-Tc I'imagiiierd’aprisdeur':^#!.' '.Ils 
'«« .poHVoient cependant vivre tongtems dans cette fitaatidn, 'Ct fa' •ixKMt''' venoit. 
■■■ ■■ h' . ^ ' enfiia- 
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their torments. I have often been furprized at not hear- 
ing any cries of augoiili c:orac from them in fo lamenta- 
ble a dtiiation; but they were \ifcd almoft continual iy to 
complain of tiicir voice being feeble. 

llic mode of treatment wliich 1 comnuM-fy made ule 
of in curing the greater part, provided the mi k hi, fluid 
not made a confidcrable progrefs in the fpongious bones 
of the upper jaw, was this: the full thing i <lid was to 
put them on a vegetable diet, and order them foaps, 
with a great many greens drelfcd in light broth, fuch as 
four cabl>age, carrots, turnips, and onions, ik:c. to wddcli 
I added ftewed onions and forrel. The drink of the log- 
ger fort was quas or four fmall beer; the IclicT ones (none 
of which were ever feized with the fciu’vy und.a two 
years old) drank water. 


During 



mfiri'k# dllwwr.dc'tant 4c incwx*. ctc foavent etomi^S dc nc Icur tnitciuirc 
po’ufier ancTO'cri do doitktn* clani? un ciatkauOi dcpIoniUc; mfiii lls fc pluig.* 
iioicnt prefqiic coatiimellanciie iPuBc voix tangiiiinuitc* 

gtidrifluit !a pim ]Mt% :p«iirvu 
q«eJ.e raal 'dans leS'OS fpongkux^ dc la infidioirc fupt> 

riefire, "D^aborcl te^ '^kticremt'n 'a laBOiirriture vcgdialc^ Icor laifkiit 

ties foupcs kvec'bektI'cSitiJ' dt daBSi'Ufl'boiiiilon I«gt:r; comme 

cluOCDC aigresj carottesy' paBaiE,'''nivets^ oigtioai, &c,; ties «?pinard% dt jcwiics 
ortics^kde' :fofeH'e%, itmht Ia'i>dlffon'’'’to', ,^aiida ewk le cjimt oia pefiic 
..feim*efaigrel€tte|.ks’pciis ('IJ biiYoicntde’l^eati*' , /''' 

fhj It ai jamstii t» m aeitfiius 4e'4«eWiw» aitapli 4ii (mhm ' ,, 

. , , , ''' ' ' 'f/' 'y ' ' ' , , ^ ^ ; 't.,, ‘' i; Am 
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During the fpring, tliofe who bail the fcnrvy tookj in 
proportions fuitablc to thdr -.igcs, a drink made of whey, 
in which were iiifufcd antilcorbutic plants, fuch as ccch- 
karia^ najlurtmm aquaticimi, becca bmyi^ acclofa. I'liis 
infnfioii was I'wectencd with plain I'yrup, or iyrup of 
fugar. Bclkles this, in the couiic of tlic day, they 
ufed a gargle, made of an infulion of herbs, rue, iage, 
agrimonia in water, to which was added Ipiiit oi coeb- 
learia^ and honey of rofes. Whep the gaiigrcne began 
to Ihew itfelf at the mouth, befides the remedies I have 
mentioned, they ufed to take a ttrong decodion of bark, 
part of which deco 61 :ion I likcwil'c added to the gai'gle. 
I likewife had the gangrened parts touched with honey 
of rofes, mixed with a fmall {|uantity of fpirit of fea 
fait. 

This 


Aw prmtems tous les fcorhalicpies prenoient c1m<juc inal'mimu an-taiiie 
fujvant Icur age, <lc petie lait ou I’on avoit infulinios ptantes atitircorlni- 
tlques, coramc mbkaria, nqflurtlum (njiiutlcitm., beem bungOf aceuftf, cettc in- 
fuiion ctoit 4dukor£e avee «n firop fimplc ou'du facre, lin emtre ibfe fervoient 
fouvcntpcndatJt'la joumee e3*uh gstgariftne faiit d’uftc infufioii d’hcrljcs de rftae, 
dc faugc, d^agritaiinia dans de, feau, a'bqnelld on ajoutokdc ?ctprit ic cMiburia^ ' 
et' du niiel rofat. : LoinRjEC la gangrene" fc manit'ertoit 4 la bouche, oatre les. 
rfflOiiSdcs 'qoe'jc viens de^';raj»pdrtcr, Bs.prcnoieftt'unc forte clicpMon'ic kinkina, 
j’ajowtois aa'fli de cette d&ddibtt 'ati "garganfluie; . 'Mfo5s'''"totidier: les parties' 
gangrcnccs avpcdatijklrofa|t,.^^^Qaii|l,Sfa'kt^^'i3^ilb,«iB 

„ ; Sol. LXVIH. ^ ■ ' ' ■, ■ : ' ' v, '' y ;y ^ y ' C« 
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This method of treatment had fucceecled perfe< 5 lly 
well the three firft years; infomuch, that the greater 
l^iirt of the fich, as well adults as infants, were commonly 
cured in the fpace of three weeks or a month, udien the 
ditlemper was not far advanced. It was in fpring and 
winter that the feurvy ufed to be moft fatal. 

In autumn 1770, the foundling children, who re-^ 
mained in town to the number of a tlioufaiuh''',. were 
lodged, contrary to my advice, in the wing f)f the houfe 
finifhed but about a year fince. In a climate where the 
fummer is fo fliort, new walls made of bricks take a 
great time in drying, and this houfe was iituated on a 
foil which had been a bog a few years l)eforc. Notwith- 
Handing allthe poifible precautions that cotild be taken* a- 

(e) Tlw greater part of the facking children were atnurfc in the country.' 

damp' 


Ce traitment ni’avoit reufll Ics trois pituilcres ann&s, tie forte que prcfquc 
tous ces iaaj3|«8,„tint adultes qu’ enfans, gucriiroicnt ortUnairement dans Tcf-* 
pece de trois femaihes ' qu «» mois lorfquc le lual n etok pas fort avance. C'e'toic 
en Wver ct au.priftteais que. le fcorbutfaifoitlc plus dc ravages. 

En ftutomM r 77 O.,Q 0 ::'logea*,,coatrc.raon 'ayis, tons Ics.enfans trouvcs,'qm. 
Itoient cn viilo au dcia d# *nil)ie dwis Failc de la iiiaifoa acheyfe depuia uii ; 
,aa. Pans un climat oi ei ■:€ coiirt,;,Ie8 j-OTataiHes neuves, faites dc; hriques,. 
jKchent difficilemeat, ' ,ct''cett«, inaifqn-etoit &ns ujx terrein ■qui'»yo'it et^ tm , 
niarais quelques' mnSes ' auparavantr; '.On' fentit, pendant tout, 11ttVa*,;nialgrn 

/ ej XiS (Jw f wrtlM y«St» 1 1» «««ieU« i k tmjitgm,,, 
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damp was felt in the room the whole winter. The fciirvy 
flicwed itfelf early in the fpring, and I had many more 
chiklrcn ill than 1 hud had the preceding feafons. The 
violent fymptoms were likcwife much mcn-e frequent. 
Many had gangrenous iniftnlcs at the montlj, thejarv 
bones w'erc carious in forae ; the limbs, particularly the 
legs of many, were drawn ui^ and ftijff. 

1 put all thefe fick perfons in the wooden houfe, which 
had already ferved many years as an liofpital for the 
fciirvy, and gave them the food and medicines above- 
mentioned; but the diforder was more ftubboni than 
ever it had been, and all 1 could do could hardly keep it 
down. In the middle of May, feeing* that the remedies I 
had formerly tried were unfuccefsful, I began to think 
of other methods. The reflections communicated above, 

which 


tout cc qu'en put faire jjour Tuvltcr, cic I’humiditu dans Ics cliambres, I,o fcor- 
but commenca a fc rnaisifeftcr dc bonne heurc, ct j’eus beaucoup plus d’enfang 
feorbutique* que lc« annecs pr^ccclcntcs; les fymptomes vioknts dtoient aufli 
plus frequents, Pluficurs eurent dcs puftules gangr^ncufes dans la boochci 
quckjuefuQg leg, OS' des micboires 'caries; , d'autres jes' meiiibrcs, furcout Ics 
jan>boa,;;r^it^s et roidcs,' . , ,, . . 

„ ;Jf mis tousces raaladts, dans la maifon dc Ijois, qui. ^rpit ;dlja' fervi plufiewra 
ann^es d’bopital 'a,ux fcorbutlquesj'je leur fis.donner.'la noarriture'et les.i^meto 
dont jVi' 'fait naentioa,-' , Le'mal Itoit plus; opinlatre,; ei; .tp'ut.ceique Jep«s |alre 
'forvoit'^peiiftO;* c0taSIeiitir''|«s progr^,;. ;;V(»s;te; mpis 
moyens einploylsIss.anpiSfe*' prficidfntcs,'' ae fu^folent 
: '■ . ' ""4'O-a 'O' ! 'iadh, 
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^vbich I IkuI made \ipon the tliet of the lower people, de- 
tenniiicd me to give my patients thole vegetables raw 
which they ha<l before been ufed to cat boiled. In con- 
ilxpience thereof, I ordered them, every morning, ra- 
{lilhcs, fwcet turnips, carrots, and young onions, which 
they eat like apples. At dinner, befides the foiip and 
greens as ufual, tliey cat fallad with a little vinegar and a 
very little oil ; in the afternoon the fame roots as in the 
morning, and at night, greens and fallad. The remedies 
were continued as before. In a few tlays all the bad 
fymptoms deereafed: thofe who were at the worll, and 
had been ill for fome time, began to grow better; thofe 
who had been but flightly feizeil were foon well, fo that 
at about a month’s end there only remained a lew of 
thofe who had been the worft, and they too were getting 

well 


jitos jc p,cnfai a cliUcrctis auircs 'rtriialw, I.es rc* 

c’y ddlluH ;ui lujct 4c' la ^di£i:c da hm 

clctcriwmereiit I imimv crudi a nm petitS' matlude^ k:$ "vcgclaux,,, 'iiiaii- 
gcoicwt:'<SuI'tl» &vdoBdd0'nnevk;.haf|uc jours Icmaiin Am yavc$»;clcs'ium;ts 

doiiiCj^ ■'c!e8'''taiottei> de maugcoicatx’omrnt dcs pomwes': 

i'dimr outre la foupe l^ordinairc^f' ils avoient de k 
filadcavce d-hmle:; Ikprcs^'TOkli lc& immm'tzcmm 

:qdc:le 'ct; Ic foir fafalade*;' 'Ott'.contimtdit Ics mcmes'^ 

temede$ qidivant.' Aiihmt d6'que1i|!uek;|duirs,;ti)iaB lei'/fympfcmct , 

xeiix c|«i ^toicfit le ptui^ . 

moisj^ fc trouvercut'&ileux ly'ffidiits ^ 

katt® fori fotk '< 11 ^ af ifaetdd 

'f ' '■ ' ' ■ ' ' , ^ 'V ' '"V, g,, ; ' daRi. 
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well ut a great pace. This change for the better was ap- 
parent in all a very few days after they liad bcgiln to eat 
tlic raw greens. 1 had not at that time read the obferva- 
tions of the Eiigliih phyilcians and furgeons on malt, or 
I ftiould certainly have made ufe of it. which. I 

have mentioned above as the principal drink of the com- 
mon people, comes near it, wdth this difference only, that 
it is not drunk in a ftate of fermentation. It is afpecies 
of four fmall beer, to which, inlfead of hops, they add 
the wiki mint. 

The fame mcthotl oi' treatment was attendctl with 
fuceef; in 1772 and 1773; in both which fjirings 1 had 
fcorbutic patients with the fame fymptoms, bur ru^t in 
fuch jiutobcrs as in 1771 (when there were near fix ty) 
becaufc the houfe, having now dried, was become very 

whokfomc,. 


clans cette p.artic c!c Thof Ital qiic qwcltpijryns dc cinvs, c|ui avoii'ut (kc !c pins ^ 
ct cjui fc trmivoicnt ulorn ca parfaUe con vale ilTnicch C'e elnmp.einicrri err 
iiiicux fut Yifible ches tnus.ilcs curent crecli |Kniilant 

cjaclcjwcs jours* 'Jc4favois,},m8 cncar alors lu Ics ol^fcrvatiorhi Imim parJes 
cius’cc chifurgiciis Anglois'fyjr'la drediCj fani'«|uoi j'c nbuirois pas mamjiiC; dVa- 
felre iifkgfe;' ' Esst.Tjuaij dpnt j’ai' patle'plus baut, ciiii'fait ia, priiicipale liDifluii’ 
'du nc'lebc/it paa cbirw Furat de terinen-^ 

iite pcEte.bierrc aigre^^.'/.a laquclk,^ «tu tie "IwuHoiij on ajoutC; 
'de'ttferbetk'iikuthe y 

#ttt€s;ks tuwi p&s,-' 

' etkfrgnni ao'mkc: ejDi''':wk ffti 4e foixtbie^ que 

' ' ' ' ' ■''' - ■' ' ■' "" ^ kteifoa. 
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whoJcfomc, and bccaulc the foil had {)eeii again confi- 
dci'aldy j ■ailed .. 

,I jivail iioi' {U'oprjrc carrying:’; out vegetables on a voyage 
for the wlioie crew, bcc:uile that, in, order to preferve 
them, they mtrft be kept in dry fund, which (if not -aito- 
rher impraiSttcable) would be extreraeJy diiEciilt in fucli 
large <|itantitics, not to add that even then a great part 
would be fpoilt : but might it not be poliible to provide 
a certain <|uantity of carrots, turnips, See. and ftow them 
in fund, in a part of the fliip w'here they might not be 
expofed to get damj) or wet, whence they might be given 
in fuch cafes as the four-krout alone would be found in- 
fufficient to cure i for I am apt to think that thefe greens, 
joined to an infufion of malt, would foon get the bet- 
ter of the diibrders. 

But 


matforiyant fcchc fort fame, ct que l’emp,!accnient,futeii» 

'com r«l»aM®:4ob«iaucoHp. ,, , ■ 

Je ne proiiofewi pas a’etnbarquer fur lei vaiffcaus dcs vcgcuux fms pour tout 
,l’«iqaipage^','':parjtb''4^(4pOM conferver U font les tc,nivclans du'faWe fee, co qui 
feroit^ fi sj,w mpiiss tres difficile [lOur unc ii graadc qua,nlitc j ct 

djue mime inalgrC; plufjcurs fe .gateroient, Mai$ no pourroit on 

.pat'cn '.fo ■ferv»t44'la:''!@tja«r*li^Ut pburdftxonCemtion deJa fame dei roanns, 
mettre aaflimne certatac ■«}«an«it^i''atttaat,, que,, la grandeur, dc« Mti'ifteas ct Jes 
autrcs circojnftancc* le pennettroient, de iradis, de carotlcs, de uavets, et d'oig- 
nons frais dans du fable biett fee a' Pendtoit du, navim„'oo I’caq et'il’humidit^'.fte', 
pourroient pas^penctrer,' afin ,de donper qvjetqwefons 4e;;C?i''f%yrn'c8;a,««ax» qw., 
malgre I'afage de la faaer-kraat ■prendoientf e fcorbut f ' Jc ,crois;'q[ue,i<:4i 'leguaicf 
erriafafion de la dreche les rltabliroientblcntdt, ' h , ' 
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But if this cannot he fo well done at fea, it is obvious, 
that the cure of the fcorhiitic perfons will be much ac- 
celerated. if raw greens are given them as foon as they 
come on Ihore; a mode which will have the additional 
advantage of fliottening the ftations lliips are obliged to 
make, for the recruiting their fick. Nature will of her- 
felf difpofe the fick to make ufe of this remedy, cfpe- 
cially as I have obferved that the ftoraach is never af- 
, felled by it. 

In Auftria, as w^ell as feveral other parts of Germany,, 
the people eat four turnips, which arc prepared in the 
fame manner as the four-krout; that is, after having been 
chopped tliin, fait is put to them, and they are left to 
ferment. They are put in tubs, and keep from one year 
to another. 1 propofe this vegetable as a valuable addi- 

tion. 


Si cela n’cft pas pratitjBaMe quant atix. vaifil-aux etvmer, 51 eft ail? d’en con- 
clure, qnc, lorliju’on met les foorbatiques a tem, on acederera lew goerifoii; 
cn lew donnant a inanger crpds Ics .ldgumes qu’on irouvera i oe qui,. outre 
Pavantugc de gucrir cettc nmladie plus furement, abregera lea ftations queles. 
navires loot fouvou obliges' dc;. tenir pour romettre. lours fcorbutiques. It ne:; 
fera pasolilTKil;: de.perfuader aces malados de .manger Ics Idgumes cruds}'Ift:«iatlire>-. 
uotre mciiteiw. guide on tout ce qui concerne notre ponlervation, portc,, 
,ct j’ai obrerve que ku.r cftoi.naone.sVntrouvepas aftefte. ■ ; ■ ; / . ; 

En Aotriche„e£dansyliifieiir* autres parties' de, I* pouple manger 
dos navets aigrci;', *011 .les .prepare •, .do: la quota fauerrktsujitjsleS' 
'ayant'baclids, menuS'On.y; met;du'.fel, eton lesdaiffis! fermenter*,,^ llS'i^.-oofli^ir'" 

atmdeSl*«tttco, dans des.toswteaux* 

' ' ' '■' ■■ " ' eftl 
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tion to the antifcorbiitic regimen of fea-faring people. It 
has nearly the fame tafte as fonr-krout, and will, 1 be- 
lieve, be Ibund to have the fame virtues ; and if fo, 
though it Ihould have no otlicr advantage, it will at leafl 
vary the diet, which is itfelf no incoiifulerablc advantage 
on a long voyage. 




c 6Si 1 


XXXI, I. Comparijon between Sir George Sliudcburgh. and 
Colonel Roy’s Rules for the Meafure merit of Heights with 
the Barometer^ in a Letter to Col. Roy, F. R. S. from 
Sir George Shuckburgh, Bart. F. R. S. 


TO COi-ONEL ROY. 

^ y ^ Wclbeck Suctu 

^ *** *0|, 1770* 

Eeati May 7, OiNCE the printing of your ingemous 
‘778. niemoir on the fubje6t of raeafuring 

heists with the barometer, I have been naturally led to 
a comparifon of your rules and obfervations with my 
and herein am not more pleafed than fuiyaized at 
the general coiTefpondency of our refults, which carries 
with it the appearance of one ami the fame leries of ex- 
periments, rather than of diftiinffc obfervations made with 
different inftruments, in different countries, and by dif- 
ferent perfons. That the ftandard temperature <^ z«rei 
on the feale of the tiierraometer fliould be found by each 
of us to' fall in the fame |X)int to within, one-third' of"* 
degree is,; I think,' truly furpriKing';: and I 'doutt '»t 'wli 
evince to:',J4ri.".,-i>E; .luo the ''ftrewag' '’probabiit,y;,tfete 
' ■f«j:VidePI«UTranf.vol.LXVlI.': 

■''you LXVm. ", 4'P''' . ''the 
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the neceflity of corretflmg his rules. But although in 
this eflcntial and fiuMlamental part of the inquiry we 
agree, there are, neveithelcfs, feme little drcumftances 
wherein we diftcr; it is the fubjed of this letter, sir, to 
point out to you the degree of our differences, a compa- 
rifon that I had the plealure ilightly to exhibit to you a 
few days ago, and which I truft will not be found unim- 
portant tothofe who may be engaged in thele piirfuits: 
if, therefore, you judge thefe remarks of fufFicient mo- 
ment, I will beg the favour of you to lay them before the 
Royal Society, as the heft means of communicating them 
to the public. 

The two chief caufes of our difference are, the expan- 
iion of quickfilver and the expanhon of air. I fliall be'- 
gin with the equation for quickfilver. 

The mean temperature of ordinary barometrical ob- 
fervations, 1 apprehend, vtdll generally be found to lie 
between and yo'* on fah'Renhbit*‘& thernKjmeter; 
„ now: th&i'mean expanfioii'in this range, according to your 
: ohfeiw:ste0nfls,':, 03.0,3; inch on, a. column of go-inchesTor 
of heatjfhf sinyfahleit is only-, 0304'mch, "the dif- 
ference .,oor q;'ilith:'i3«ii€qual ro 'about',' a'Orinches in the 
'■refult of '.'the ,hcigbtj'''wh^&''tlie tetoperatwe'"of the' -two 
barometers differS' lo®, 'and 'this may'-realbnably he':.ex- 
'Peded only in 'a height '0f.30.cki, or, 4000 feet. In an' 
. ' ' '' ' ' " 'dbfcr* 
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obfervation on Mount ihltna,one of the greateft accelTible 
heights in Europe, the difference of temperature at the top 
and bottom might amoxint to 30% and this would occafiou 
a difference of about five feet, which, I apiirehend, may 
be reckoned incontiderable in a height of 11,000 feet. 
In fadt, in an obfervation on this mountain by Mr. des- 
SAUSSURE it amounted to only 31 feet. I may add, that 
your equation makes the computed height lefs thaii 
mine. 

I prticeed to the expanfiou of air. Your equation is 
various according to the circumftances, the (iifterence 
therefore of our rciults will, according to the circum- 
fbances, be various. The following table will give the 
quantity of this difl'erence, viz* it fliews how much your 
refiilt is + or - mine upon one thoiifand feet, according 
to different preffures of the atmofphere and different 
temperatures. The firfl column to the left hand com 
tains the mean heat of the column of air between the two 
barometers; the figures in the horizontal line at top sue 
the mean height of the two barometers, or mean preflure 
of the atmofphere ; the common point of meeting in the 
different columns gives the difference of our refult in 
^ feet, 'according 'tO'''the refpe£tive circumftances. ' ■■■■ ' ■ 
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Thus, if the mean height t)f the barometer were 27 
inches, and the temperature 5 the difference of the 
refults would lx; four feet in a thoufand; how far, there- 
fore, this is of moment is left to the judgement of the 
obferver. I conclude laftly, sir, with a coraparifon of 
your actual obfervations made in Great Britain computed 
after my tables, deduced from a ferks of ol)fervations 
made in Savoy, 1 have indeed only collected fixtecn of 
your obfervatioiivS ; but as I have chofen fuch as prefented 
themfdives as moil projxir, either on account of their 
■hcig]h*s'''Or fcMperatures, I, imagine thefe will be very 
fatisfaiSlory ; I ’ ‘ ^ ^ 


Place 
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Thus it feemSj that the error of my tables, from a 
mean of all thefe obfervations, amounts to + of 

yours, to + hut it muft be remarked, that the ftan- 

dard temperature, from whence I compute, is 31°, 2, 4 of 
FAHRENHEIT, whereas in your computations it is afllimed 
at 32°,o ; this difference of o°,76 is equal to hi the 
corre£lion for the expanfion of the air: if then we were 
to fet out from the fame zero, viz. 32° (which I have 
propofed, fee p- 569. of my memoir, Phil. Tran f. voL 
LXVII.) the error of my tables, acconling to your ob- 
fervations, would become only that of yours re- 

maining I would by no means from hence con- 
clude, that any preference is to be given to the fomier, 
but would fay, that in moll pra6tical obfervations, in 
thefe countries at leaft, it is indifferent which method is 
ufed. Thefe fame comparifbns alfo afford us another 
piece of information, viz. that under fimilar conditions 
the denfity of the atmofphere is the fame, whether un- 
der the parallel of 46 or 56 degrees of latitude. Till, 
therefore, more accurate obfervations than thofe of Mr. 
BOUGUER can be obtained in the neighbourhood of 

the 

(a) Mr. oougubr’s obftryations i hold inadequate in Ibcli an inquiry, not 
only on account of tlieir incorreftnefs (for they arq related only to tl»e | of a 
French line), but particularly incondufive, alloiv them aU the pmeifioa you 
pleafe, as they were not fynclironous; infomocb* thatwe are uncertain whether 
thofe obfervations, which Ihould be corrcfponding in point of time, were made 
wicltin fix months of each other s and with regaird to the temperature of foine of 

' " " . ' them 
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the equator, I jjliould be extremely cautious how I ad- 
mitted a latitudinal equation ; nor do I think the hngle 
obfervatioii, related in Hje Voyage towards the North 
Po e, of fufiident authority itlelf to eftablilli fuch a 
theory upon 

them we are ftill more at a lofs^ having a range of no lefs than 38^ to affuroe 
it in (vide Voyage an p. ^9.)* "^*hc mean, however^ of his iive o^fer* 

tions^ according to my computation^^ would bring the zero of the fcale to about 
40^ of FAHRENHEIT: but till k ■ tail bc provecl, that in ^ this unceminty of 
38° we havCj in fixing upon the mcan^ got the true temperature to within 8"; 
and allby that during many months the barometer in the fame place had never 
altered a finglc line: till then, I fay, no' fair condufion, in point of theory^ 
can be drawn from tliclc experiments, for witli fuch fiippoidl errors or varia- 
tions the Peruvian oi>:crvations will agree exacUy with thole in tliis climate* 

(h) It feems extraordinary, that the heights of the c|uickfilvc% obferved on 
the fca-fliorc with one of Mr* ramsdknIs barometers, ihoukl differ a quarter 
of an inch from the height of the ffune olifervcd the fame day,, and almofi: at 
the fame hoot, with Mr* nairke’^s' marine barometer on l>oaril a fiiip (vide p* 
135 and , 148* of Tl&r mmrds the North This difference, there- 

fore, I think remains to be explained, if the experiment is tO'be made itfc of in 
this inquky; for this fame marine barometer, compared ^ few days ago at Mr. 
ibbetson’s, fccretary to the board, of longitude, with one of my own, that I afed 
in Savoy, agreed with it to within 0,04 inch. It may alfobc remarked, that 
Lord MOECRAVE’i obfervatioa in lat, 79® 44^ brings the zero to about 64^5 fo 
that , between ,tlicdat* 5:6^ and ^tf. (equal the zero of the fcale moves 
through a Ipace of no hi$ than 31*^ ; whereas, , between the lar* 46* and 56® it 1$ 
perfcaiy ffatioimry, at tetft a»' toTcnfc, having altered only one-diird'' of 
: degrees ,whkh , gre^t want of 'proportion,'. I 'think, is of itfclf fome arfoiiiei% 
againft the exifttncc;'Of fuch a I'atitudmal equation* Moreover, Mr# iououerT 
obfcrvatlons' brings the zero of the fcale on the fame fide of 32*^ W'kh Lord 
Moii.aiiAV»'^,83i; vi«*, to.a^bout 40% fo'thatj,if any 'C!ed»*£li<>iTk''ta b« drawn trout 
thefe obfervatioiis, it is* that tbe'Ri'r, both .at I'he equatof arsd at the qrole iS' heavier, 
than' in' middle latimdes* 'which^ is. nb wery p'rdbabte',''Conje^^y^^^^^ <»4., 'I ' 
liend^ more than intended tp be.prwed**'":', r,j(h'0u:ld;\hsw^ 
freedom with 'which' limve dircuffed,thi$, inquiry, were I not affuredthat the 
acquaintance and friend&ip of t Imvc 'experienced, 
^forffome years* willlcad Mm to attribute ,it to 'its proper, inotivci ' 

,V' 'Lflaall 
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I fliall now beg leave to conclude with what I flattei 
myfelf will not here appear imi^roper, a new rule for 
reducing the ohfervatioiis, and which I hope will be 
fouiwl particularly commo<lious, as it requires no loga- 
rithms, nor any other than the following ihort table, 
which may be engraven upon the fcale of a thermome- 
ter, and therefore, always accompanying the inftrument, 
will lervc for computing the obfcrvations upon the fpot, 
(if the height iliould not exceed 4000 or 5000 feet) 
■wiiich, I apprehend, will frequently be found very fatif- 
fad:ory. 

liie adjoined table gives the Viilue 
of ™th of an inch on the barometer 
in feet in the atmofphere, when the 
quicklllver flands at 30 inches, for 
every five degrees of temperature 
From 3 '2° to 80°; and for any other 
height of the barometer it will be. in 
the inverfc ratio of that height to 30 
inches. Thus, let a, be the mean 
height of the two barometers in 
inches; a the difference of the tw'o 
barometers in 1; oths of an inch ; the number taken out 
of the adjoined table; ar the height in feet; we have then 

the following exprefhon, =A', ‘the height required. 

I have the honour' to. he,: See. ■ ■ . 
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3 -i 

85.86 
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CJ 
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Q> 
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3S 
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•S 
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C 
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a. 

•X 

0 


SO 
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ew 

0 

(L» 
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0 
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' fcfl 
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» T 5 
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0 
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60 

92.77' . 

ii 

c 

1 

«! 


w 


f '5 
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XI 
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70 
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XXXIII. An Account of the Calculations made from the 
Survey and Meafures taken at Sclichallieii, in order to 
afcertain t^e mean Denjity of the Earth, By Charles 
Hutton, Efq. F. R. S. 


Read May 21, fiirvey from which thefe c'dlcula- 

17^8* 1 

tioiis have been made was tal5:eii at and 

♦ 

about the hill Schehallien in Perthfliire, in the years 
1774, 1775? 1776, by the direiSlioii, and partly un- 

der the infpe£tion, of the Rev. nevil maskelyne, d. n. 


F. R. s. and Aftronomcr Royal, by whom the manner of 
making the furvey has already been fully explained in 
the Philofophical Tranfadions for 1775. 

I have therefore only to give an account of the mea* 
furcs of the lines and angles, and of the calculations 
which 1 have raifed from them witii all |)ofliblc care and 
faithfulnefs, for the purpofc of determining the meafiire 
of the ratio of the mean denfity of the earth to that of 
water or any other known matter. 

Thefe calculations were naturally and unavoidably 
long and tedious; and the more fo as tlie'bufinefs was in 
a manner quite new, which laid me under the neceflity 
. ■■'¥'o:4r..LXVIIL"' Of 



690 Mr. Hutton’s Calculations to ajcertain 
of inventing and defcribing fnch modes of computa- 
tion as fliould be proper to be applied in fo important 
and delicate a bufinefs. Having, at length, with clofe 
and unwearied application for a confiderable time com- 
pleated all the calculations; I have, in*the following 
flieets, drawn up an account of thoie operations, with 
the refults arifing from them; and have accompa- 
nied them with fuch. <lrawings as are necclfary to il- 
luftrate the deferiptions. I have alfo inferted a fynopfis 
of the meafures which were taken of the lines and an- 
gles, from which any perfon may at any time fatisfy 
himfelf of the truth of the computations that have been 
made and are herein deferibed. Thedfe meafures I have 
here immediately fubjoined, before I proceed to deferibe 
the computations made from them. . 


Ajymp^s 



the mean DenfUy of the Earth, 
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ji fynopfts of the horizontal and vertical angles that zvere 
objerved at the principal points in making the furvey 
about Scheliallien. 

In the firft column are contained the names of the 
horizontal aiiydes, the meafiire of which, in degrees and 
minutes, are in the fccond column, and the vertical 
angles are in the third column, in which it is to be ob- 
ferved, that the letter denoting the chjc6i: is placed before 
the degrees and minutes, and e or D after them, to fliew 
that they arc in elevation or depreffion refpedively. 
The mark # placed to the mcafure of any angle denotes 
that it is the mean of the two obfervations made with 
the inftrument turned different ways; namely, after the 
iirft obfervation, revcrling it to make the fecond. Alfa 
the mean height of the theodolite is put down to each 
jftation. In the vertical angles, the bottom of the objetSt 
is underftood, unlefs where the top is mentioned below, 
and fometimes the height of the pole is added in feet 
and inches,. ' ■ '■ 
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At A 

"Theodolite 

= 4 ft, 10 in* 

At F 

Theodolite 

=: 4 ft, 8| in, ' 


o / 

0 ^ 


0 / , 


0 / 

DAB 

31 15 


OFW 

17 27 

w 

0 58 n 

DAN 

77 30 

N X 2 22E 

GFK 

7 l 

IC 

9 SO E ■ 

DAO 

102 361 

0 0 s8e 

CFN 

i °3 57 l- 

N 

17 42 i-E ^ 

DAR 

134 3^1 


GFD 

172 54 . 

D 

3 37 £ 

NAC 

83 i3i 

N 12 20E 

Hli-G 

10 9 

G 

I 36 D 

, NAO 

2 S 4 


HFP 

60 41 

p 

S 9 E 

^ OAS 

27 24 

s s aSD 

HFIC 

6s 58 

K 

9 41 E 

OAR 

3 * S 5 

R 6 31D 

HFN 

93 49 

N 

17 3 SSe 

At B 















8,t 8 


At G 

Theodolite 

rr 4 ft* 6|‘ inf 

r.jr»o 

lOl 41 


BGF 

6 8 



1>BA 

139 59 


NGD 

5941 



Ate 

Theodolite 

= 4 ft* 7 l in* 

NGF 

65 49 



ACD 

126 6 


NG'H 

xoi 9 



' ACF 

93 34 


HGF 

i66 57 



ACO 

92 IS 


/ HOB 

160 49 



ACH 

85 311 


HGX 

71 ii| 



ACN 

49 10 

N 10 4 E 

HGW , _ 

4 33 



ACB ■' 

« IX 


'FOF. 

9 S 56 

'f, 

I IS B 

At t> 

Theodolite 

; = 4 ft, 8| in. 

D-0:N 

30 6| 

w 16 54 Jj 
top of Cairn. 
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48 J 


FGK 

0 9 i 

K *0 IS ,1? 

;ADB A 

8'45 : 


Foi;. 

62 S7 

t 

0"3i’ » 

ABN 

49 H 

K lO; 4OE 

FOW 
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w 

0 S 4 » 
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% sH 

N 10 39E 

FOB 

'71 a 

« 

3 0 D 

AM 

88 56 

' A .1 rjE.',; i 



F 

s 46 E 

Am 

9 S S 

0 3 IJK 1 
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Am 

96 3 1 

F 3 340 
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At H 

Theodolite 


4 ft. 

5i- i‘x. 


0 / 

38 5S 
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0 

i 

WLN 

N 

10# 56]e 

GHF 

2 54 

G 

2 

59 E ; 


3S 58] 4 


1 

GHD 

13 2 




WtK. 

60 33 

K 

10 7 V' 24 JE 

NHG 

49 44 

N 

14 

42 A 


ho 34 4-- 



NHK 

29 ^7 




WLT 

115 38 * 


o^jfjo :d 

NHW 

107 43 

N 

14 

39 K top 

WLV 

126 5B] # 

r 

C # j5‘D 

NHW 

107 41 




WLY 

140 50]-^. 

Y 

2 *);* 33 D 

KHD 

65 59 

K 

12 

6 E top 

WLF 

3 S^l 4 

r 

0'>'f 38^4: 

KUG 

79 I 




WXE 

‘62 12 


10 i6|e 

KHW 

78 25 

W 

rt 

0 

2 E 
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38 4l 


4 # 34 lK 

WHP 

,96 14 

P 

7 
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0 

%% E 





WHG 

157 asl 

Q, 

2 

55 K 

At Y 

Tiico'clolltc 

4 

ft. 'u in. 

V At w 

llieodolite 


4 ft. 

51 - 

TYK 

69 2.3^:-X- 

K, 

10 #29 E 

XWK 

iof‘ 27.1 

L 

0 

25IK 

TYN . 

76 56] -Jf 

K 

9 # 37 iE 

^ twv: \ 

130 40 

F 

S 

43 ^ *o|’ 

TYt 

124 47 * 

L 

2 #35 E 

‘ LWF ■ 

130 4X 
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103 24’* 

C} 

1 #- 36 . 5 e 

\ LWN 

133 

N 

12 

361 K 

TY 7 , 

- 19 2I.|# 

7 

3 * 3 if« 

tWF ; 

■175 a 

K 

u 

30 E , 

TVV 

13 29i# 

V 

3*a6|E 


4 4 * 



!i 

VYT 

13 28 -)f 

T 

a* 4 iE 
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178 ai 



! 

VYZ '' 

32 ‘52, # 

Z, 

3 # 3 l'? 

XWH 

1 ■ * 93 ' *3 

H 

3 

14 » 1 
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VYE 

wnt 

81 49 i* 

82 53., # 

li ' 

to #33 E 

'¥ 'jy!.. inn TO 






V K IS. 


At X ' 

TheodoUtt 

1 

4ft*9iiu 

■j 

VVN 

90 2,4 * 


■ 9 * 36 |e' 

GM* . 

:37 ; * 

1 'F 

,,4 

W- 

VYG 

1 16 5a * 

c 

i# 3 S-|B 

QtY 

'"'*39 "' 321 '# 



3 S|B ' J 

VYH 

xa6 57 # 

H 

.. I# .0 E ^ 


I 1,8 , 

,:W 
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VYW 

■130 33 # 

/ ;W, 




G 

,0#3I B . 


/.igS ■14'.# 


s'# 33 p ■ ; 1 
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, ,4:' " t 
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“4 ft. I I ill. 1 " ' w 

1 UZY 1 x 7 2 X # 

0 if 

y 3 

K 2 -)f 28 ^E 1 xj.^V 1 134 4i* 

V a* 3 iiD 

2 *X- 26 1 144 ^7 j 

T 3 * 56 -^^' 

u 2-*47iE 1 

W« « .A/ TT F. a 

u a*-4SsE 

K. 9* SiE j Atu Theodolite 

; = 4 ft. 10 in* 

9 * Si auT 18 aoj-x- 

j T 3-*32lx> 


V] ^5 ’^*1 


71 ^4 9“^ 

1 12 32l-X W 0*2S-lE 
1 19 57 * ^ o * 34 *• 

147 S^i* 3*31^" 

147 SO * 

TO 6 E 

TbcodoUtc = 4 j 

I 18 41 I* V 

30 I * ^ o*27Je 

1 16 iHx\ u 3*31 

133 31I# ® 3 * 49 i® 

Y 2 10 D 

j 8 41 * y 2* 6 i> 

' 48 43 # 4 - ^*30 

94 a * E 9*42 E 

■ 13.5 li* ^ . 3 * 3 ‘i® 

152 . 141 * » 3*3° 
VO 70 

Theodoltio =: 4 f'* 

10 S 3 l* ® 

5 # -A i.* 58 iE 
16 .18 5f X l*Sa ° 

33 i8 l»l o 3 * 58 _jL 


zUV 20 54v h ^ I 

y;UO 124 42 * ° 4 * ’‘ 1 ® 

ZUN 125 9i* NI0*13|E 

kux 128 2s* ^ 10-4 551-0 

ZUA 157 5S * 

20 R x 6 o 37H 3*38 o 

z 2*51 » 

At X Theodolite = 4 ft- 7 
oxA 4059 !*. ^ 4**S ® 

oxs 53 20 * s o*- 443 :® 

oxz 139 aal* u w*49JE 

oxu 174 59 * ® x* 48 |e 

0 II#I 3 i® 



At s Theodolite ~ 4 9 '®* 


j 8 27 
18 28 

72 sx 

90 58 

17* ''« 


^ 24^ 

A s aoi® 

N j8 40 E 
o 13 *9i® 
X - ,0 ,SSi° 
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At R 

Theodolite 

=: 4 ft* 6 in. 

the E. end 
of the S. 
b^ife* 


' 

0 / 

KRN 

41 6| 


j/'ka 

20 36^* 
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84 32I-* 

N 19# lyl-E 

b^'ro 

III 46;} 
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as' 20 * 2 E 
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0 I'2 29 E 
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B" 7*3940 
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73 
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M0|3' 

125 45 * 
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1',* lin'ouffh tu !,mc! it; a 
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At B 
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22^ 4 ft. .10 iiu 
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opk' 

2 Q 54 * 

r' 5* 6 n 

■Q'Bm ' 

38 i8J* 
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1 
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rtt N 

‘rlicWrfl- 

ern cairu. 

KNO 

KNR 

IvKF 

K.ny 

KNy' 
KNA 
KNB 
KNC 
KNO 
KW W 
KING 

SCNK 

Knm 
KNW 


KNI. 

KNt 

KNK, 

KNIJ 

RNS 

KNR 
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i'heudolitc ^ 4 1 1 in* 

9 t f 
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/ 

Si 


40 

74 48S'' 

50 47--|- 
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144 37 1* 
98 23 * 

69 13 j 
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56 22 * 

49 7 * 
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a 15 * 

1 J'Si* 
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■41 4i# 

60 44 # 
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A I2*22|» 

B II*X 7 n 
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Pole 4 tt. 4 in. 

H 14 38 DtOJ 

Pole 6 ft. 5 in. 

m l8*SS B 


y' 7 *3° » 

E 6 *3810 

u I0*i2|»t 
s i8*.4i » 
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At K 

the Eafl- 

Theodolite 

- 4 ft. 8 in. 1 

(irn cairn. 

0 / 

0 ! 
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64 SI . 
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NKF 

NKW 
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0 45 * 
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t 9*46 Dtop 
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H 12 7 0 top 
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H 12*- S'a° 
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51 40 * 
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SS 12 
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NKU 

HKW 

Pole 7 ft. 
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) 
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Tlicodoiitc r: 4 ft 4 in* 
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« I3 4:Sl|t) 

« 13*54 » 

j N n Was sr. 9 sf feet by 
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1 1 At ( i Theodolite zz 4 ft. SiJ in. 
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iSputhofF* 

km'e 


kmT 

km'w 

k-m'h 


V 10*37 D 

V 9*15 o 

T 9J(L4ljDtOp 
z 9 *i 81 i> 
u 10* 41° 

a 6*21 E 

y 6*37jE 
N 6*33® 

V 9* S|D 
«' 8*27 D 


Theodolite = 3 ft. 10 ^ in. 


At ( 

the center 
of the 
c ran lit in- 
hvumevtt 
near the , 
K, oblcrv, 

m'Op' 
m'Og 
m'O m 


32 24 * 1?' 

32 57i* G 5*58,10 


'■kmT. 

'' I 

khT. 


3 281* 

6 37i* 
53 271* 

63 12 - 1 * 

78 41* 

86 33I * 

8r S4 

laS ';'3i*r 

,> 176 ,' 


E 4*s6iD 
y' 6* 3|otop 

L 10*19 Dtop 
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At r 

I weft pole 
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%^'n/ 

iQ'p 


K^N 

K^B 

m 

y'rt 


'i'iicodolitc zz 4 ft«. 4 
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a 53. * 

4 29 -Jf 

73 20j-jf 

74 3 Si;* 

10,8 481* 


164 19 J* 
108 56 # 

2 30.1* 
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70 I4I* 
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At a' 
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Several other angles and bearing of objects were taken, 
which, being of no ufe in computing the attra6hon of. 
the hill, are -here omitted. . , , 

The foregoing tables, containing all the angles- col 
lecSted together which were obferved at , the fame point, 
include all thp horizontal angles that werej al diiferent 
times, taken fonafcertaining the rclafi^^ places of the, 
principal points and obie^ls on a horizontal plane. The 
numerous other angles ufed,in finding the fe^tions of the 
ground j,, are given 'heteaftet'j .-whh their cpniputgd' re^idts. 


ann 

f 


'■J XV 


. . , , 

We now proceed to fpeak of the two principal bafes 

which were accurately meafured, as fbundations on i 
which every thing elfe muft depend; andfirft, , • 
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Of the meafure of the bafe rb'' in Glenmore, the valley on 
the South of Schehallien, taken the 1 6th, See. of Sept» 
1774. 

Here a and b are the names of the two meafuring 
rods, which were laid down alternately in the order as 
expreffed in the following table of meafures. The 
lengths of thefe rods, by the brafs ftandard, when the 
thermometer was at baf, were thus, viz, 

fAsao feet 1*455 inch.s 20*104581 
LB = 40 feet 1*323 inch. =20*110251 

The numbers following each rod, with the fign + inter- 
pofed, are inches and decimal jjarts ; and they denote the 
diftance beyond the end of each rod to the beginning of 
the next following rod; and, therefore, the fum of all 
thefe numbers muft: be added to the fum oif the lengths 
of ' the thus themfelves for the total of the tneafures. 
Alfo, as the firft rod began at 2 feet 8 inches from the 
point », this nhfnbfir is to be added to the total lall men- 
tioned, to give the iheafure of the whole bafe from r to 


448*29 
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B + 3 ’ 4 S 


A 4 - 8‘29 

E + 2 -S 3 
A ' 4 “ 6" 1 1 
B +6‘66 
A + 2*79 
B 4 -I '20 
A +2‘07 
B +4'8o 
A + 0‘00 
B +i '78 
A + 3*29 

E +2*85 

A + 6*39 
B 

A +6‘o8 

B -}* 8*5^ 
A 4-9*07 

B 4 " 1*53 

A 4“2'28 

B 4 - 7*47 

A 4* 2 ' 40 ' 
B 4 ”S' 42 '. 
A +7 ' 42 : 
B 4 ' 8 *i 4 
A + 8*77 


A 4-3-80 

a 4-6 64 

A 4 - 7'76 
B -j- 3-28 
A 4-4-87 
B +6-i8 
A -f-S -70 
A 4-7-87 

B 4 - 4*75 

A 4-6*56 

E 4 - 5*24 
A 4 - 7 '9° 

B 4-6-32 
A -f- 6’93 
B -t- 7-28 
A 4-6-34 
B 4-8-93 

A + 5*39 

B 4-5-20 

A -f 3*54 
B •4-1-26 
A 4 - 3'20 
B 4 S ’34 


B 4-7-22 
A -{-1-91 
B -{-4*46 
A -I-I-9S 
E 4-2*26 

A 4 - 4*54 
B 4 - 4 ' 48 

A 4-3*14 
B 4-3*38 

A ■4-5-00 
B 4-4*85 

A - 4 - 6*12 
B 4 - 3‘44 
A 4-6’i 8 
B -f 4 ,*i 9 

A 4 - 4 *SJ 

B 4-3*04 
A + 4*37 
B -42*96 

A 4 - 3*47 
B Hh S'go 
A ■ 4 '; 5 * 78 -: 
B +3*97 
A 4 - 4*87 
B 4r4*83 


A +3*34 

B +3*65 

A 4- 6*96 
B +3*07 

A 4-3*55 

B 4 - 2*93 

A +5*53 
B ■4-5'33 

A 4-4*38 
B +3*67 
A +5-12 
B -4 I *06 
A +5-96 
B 4-2*47 

A +3*84 
■ B + 5*57 
A +2*63 
B + 7 ' 4 i 
' A + 3*11 
B -4 1*74 
■.A + 2 * 07 ; 
8 .+4*33 
• A 4 - 5*93 

a +6*36 


A +4*47 

B -f 3’75 
A + 4*74 
B + 3-06 
A + 2*58 
B -44*15 
A +3-16 
B +4^64 
A +3-26 

E 4-4*18 

A 4-4-04 
B +2*92' 

A + 3*310 

n 4 - 5 * i I 

A. + 4 ' 6 e 

B 4 - 3*34 
A 4 - 2*57 

B -45*80 
A + 3*37 
B 4 - 2 * 5,8 
A +2*24 
B +3*48 

A -4 2'9S 
B •4-2-88 
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A 4-3*69 
B +4-07 
A +2 - 75 
B +4*65 
A +4-07 
B +3-23 
A +4* ^ 6 
B 4 -S ‘73 
A 4 - 4*12 
B +4*91 

A + 3 "^^ 

B +3*91 
A. *+5*28 
B +2-9O 
A + 4 ' 39 * 

B + 4*37 
A 4 - 3 ' 29 : 

B +2*12 

A +2*95, 

»'• + 3 ‘ 30 ''' 

A + 2*82 

B + 3*97 

A +i '*37 

B + 0 * 00 ' 


A ,+ 3 * 7,4 

Tbie of laXt tlxefe' is ■7"4 a''+ 7 +.6,6,9* a 8 .inclies,, ' 

6 " ■; ' , ''.Mow 
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. Now 74A,iS = 1 4,8 7’* 7' 3:8 9 2' ■ ' 

73Bis = 1468*04825 ^ 

The odd parts 5 5*773 

Sum 3011*56017 = the bafe unreduced. 

Biit'a reduction of this muft be here made according 
to the hate of the thermometer, and for the wearing of 
the brafs 5 feet ftandard (fee Phil. Tranf. vol. LVIII. for 
the year 1768, p. 3x3, Sec.). Now the difference 
between 62° and 62| being I, therefore 3oii’56 

^ 1800000 JTi ^ 1.56 X rjzhoo'>^ i = to, is 

the fmall corredfion on account of the thermometer, 
and which being added makes the number become 
301 1*584 for the length of the bafe as reduced to the 
ftate of 162® of FAHRENHEIT’S thermometer. But the 
brafs rod had been -o^o-th of an inch fhortened by wear- 
ing, audit was originally rffjrgth of an inch fliorter than 
the EoyahSociety’s brafs ftandard yard, fo that it is now 
fliorter than that ftandard in the length of 
3 feet, ot* of tlie whole; therefore fubtradl- 

ing the -iil^th part, or *167 from the above quantity, 
there remains, 3'oi'i:*4i 7 'feet forfhe corredfed meafure 
of this bafe, or the true length of the line rb"'. 

The above meafures, as far as to that marked # in- 
el ufively, together with i'o"fe^ io| inches more, reach 
4 '■ i ■ . ■ ; , : ' , to 
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to a place to which they had before meafured with the 
tape line, and by it found to be 2844*8 feet; while 
the meafure of the fame by the rod.s is found to be 
2839*3 feet. The diiference is 3I feet, a fmall part of 
which might be owing to the unltablc ftatc of the wooden 
ftands ufed in the firil quarter of the bafe; but the 
greater part of this difference is more likely to be owing 
to the uncertain way of meafuring with a tape, which, 
to fay nothing of the ground not being cpiite level, is 
liable to be ftrctched more or lefs in length with dif- 
ferent degrees of tendon, and to be varioufly warped in 
length by ni<dfl: lire. 

Of the meafurement of the hafe rn Rannoch, to the 
Nortb-zvcjl of the hill of Schehallien, 

I , One part of this bafe was meafured twice over in 
different ways. The part ajS was carefully meafured on 
the 8th of O^itober 1774 with a chain, and found to be 
63 chains and 40* links, or 63*405 chains in length. 

Now on the 24th of the fame month the chain was 
meafured by means of the five-feet brafs ftandard, when 
the thermometer was at 38°!, and the length found to be 
65*94542 feet. Hence then 65*94542 x 63*405 = 
41 8 1* 2 69 is the length of all the chains, to which, add- 
yo.l. LX'vm. 4S. ' 'ing 
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ing 1*764 the breadth of the 63 iron pins, the film is 

41 83*033 for the length of a/3 uncorrcdecL 

But 62-3 8-’-= 2 3f , therefore - 2 3-’- x o o x 4 1 8 3 

--1*056 is the redii6lion on account of the ftate of the 
thermometer, \¥hich being applied with its proper lign, 
there refults 4181*977; and from this laft number de- 
du6ling again or *232, on account of the 

wearing of the brafs ftandard, there then remains 
4181*745 feet for the length of the part of the bafe 
in llaniioch, as raeafured by the chain. 

But as the chain was meafured not at the fame time 


with the bafe, but between two and three weeks later, 
when the air was probably cooler, the rcdu61ion above 
made for the ftate of the thermometer is perhaps fome» 
thing too great, and we may fafely conclude to be 
equal 4182 feet as meafured by the chain. 

a. The whole bafe alSy was next, on the i oth, 1 1 th, 
and 1 3th of 0<ftober, very cai'efully meafured by the 
twenty-feet meafurihg rods. The rods at that time mea- 


fiircd thus, 


20 ft. 4- 1*306 inch.= 20‘ io8| *} 
30 ft. + 1*354 inch. = 20*1 1 2^ J 



the thermometer being then at 40'’. The number of 


rods and the additional parts were as follows. 
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B +^^*96^ 

A 

B +2*60 
A "f3'd8 
B +2*23 
A +4*70 

B +2*28 
A 4 I 79 ’ 
w +I’83' 

A 4274 

+248 

A 42*23 
B 4r66 
A 43*08' 
li 4 ' 2 " 3 i' 
A 4 2 * 20 , 
B' 43*06' 
A 42*36 
B 42*24 


A 4 ^"66 

B 4 I-S 3 
A 4 i.*Bo 
B 4 rS 3 

A 4 2*45 
B 4 O* 0 O’^ 
A 42*36 
B 4 2*75 
A 4177 
B 4 X‘SS 
A 4^97 
B 42*04 
A 42*56 

B 42*15 

A 42^*26 

42*37 
A ,41*94 

B- 4 r 97 
A' 4 !■' 94 


B 42*77 
A 42*09 
B 42*14 
A 4 2*45 
B 42*98 

A 42*40 
B 42*50 
A 42*82 
B 42*37 
A 42*76 
B 42*91 
A 42*58 
B 42*34 
A 4 2*86 
B 4 2*67 
A 42*19 
B 42*37 

A 42*93, 


B 42*37 
A 42*86 

B 42*42 
A 42*16 
B 42*21 
A 42*75 
B 42*03 
A 42*73 

B 42*14 

A 41-57 
B 4177 
A 4^*^i 

B 42*11 

A +2*99 
B +2'06 
A +2-36 
B 4-i’77 
A +1 66 


B +1-86 
A + 2-33 
B +2*65 
A +2‘14 
,B +2-35, 
A +2*43 
II +2-59 

A 4 - 2*48 
ij 4- -’.*48 

A +2*91 
B +2*47 
A +I*So 

B + 1*99 
A +2'8i 
B +2*44 
A. +2'07 
B +2*44 
A +2*11 


B + 2 * 49 ' 

A 4-2-II 

B + 3'03 

A + 2*67 
B +2*43. 
A + 1-93 
B +2*75 
A + 1*99 

B +2* 1.7 

A +1*83 

B +1*93 

A +1*65, 
B +1*04 

A 4 1*96' 

8' 4- 2* 7,7 

A +2 '2.9 
B +1*79 
A 4.0'CQ 


Oi the foregoing meafures, the fitm of all from the 
beginning to that marked inclufively, together with 
1 3 feet 2 inches more, brings its to the point /3 before 
meafurcd to by the chain. Now to this place,, by adding 
together the nneafurcs, there are found to be 103 a and 
10 2 1, and the fum of the parts is 536*7 x inches. 


Then 
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Then io3a=io3x 2o*io8|= 2071*210 

I02B=102X 20*II2|=205I*509 , 

586*71 inches = 48*893 

1 3 ft. 2 inch- = 13*167 

Hence a /S (unreduced) is 4 1 8 4* 7 7 9 

But lince 62 - 40 = 22, therefore the redudion for the • 
jftate of the air is - 22 x ^ 4185 = --*989, which; 

being applied to the above fum, there remains 41 83*79 
as correfponding to the ftate of 62® of the thermometer. . 
From this laft number deduct its -i-gsosth part, mz. *232, 
and there refults 4183*558 for the corre6l length of the 
part as determined by this very accurate method; 
which is but about a foot and a half more than what if 
was found to be by the lefs accurate meafure by the 
chain, which is a nearer approach to an equality than- 
could well be expelled. 

To determine now the whole length of the bafe ay;- 
by taking the whole fums there are found to be 146 a. 
with 144B and 779*78 inches of the odd parts. 

Then 146 A = 146 X 20 *io 8 | = 2935*890' 

'■ ■X44B,= 144X 20*iia-|-= a"896*24S 

779*78 inches =: 64*982. 

The fum or,ay':'{uifr6duiEed}is' '/ 5897*120'- 
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The corred;ion for the thermometer is - 22 x jysVWa 
x5897 = “ i’ 394, which being applied to the number 
above, there refults 5895.726; and this again being di- 
minilhcd by its Tjsooth part, or '327, there remains 
5 8 95' 399 feet, for the corrc£l: meafure of the bafeay 
in the vale of Raonoch. 

There is no occafion here to explain the manner of 
meafuring thefc two bafes by the twenty-foot rods, as tliat 
has been very circumftantially done in vol. l^XV. of the 
Phil. Tranf. for the year 1775, by the rev. Dr. ma : s K e- 
lt ne, the learned and accurate condiuStor of this very 
important experiment. 

The following flaorter lines were alfo meafured as they 
happened to be wanted in different parts of the furvey. 


It 

Feet* 

269 

Inch. 

4 

N?Z = 

93 

6 

Ke = 

94 

10 

KE = 

240 

10 

ac =E 

9 

9 

an = 

7, 

10 

cn := 

' I 

II 

ma = 

70 

11 

mt ■=. 

68 

3 

mp — 

63 

4 

pt = 

27 

2 


nearly horizontal. 


not horizontal. 
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The other meafurcs that were taken for tletermininjy 

4.’3 

the fe6lioiis will be delivered afterwards, when the rc- 
fults or computed altitudes have been obtained, in order 
to be placed oppofite to their correfpondent angles. 

Having now obtained, to a great degree of accuracy, 
the meal'ured lengths of two lines which were to ferve 
as bafes for all the future calculations, the next confide- 
ration was how to make the propereft life of them. 
Every other line or diftance, drawn or conceived to be 
drawn, muft be calcidated from them by the help of the 
angles obferved either at their extremities, or at all the 
other points and ftatioiis in the furvey and plan. As tbefe 
two bales are fituatcd in the low parts of the country, 
from whence but a very few of the other principal na- 
tions are vifible, one method evidently is to compute im- 
mediately from thefe bafes fuch of the great lines in the 
furvey whofe extremities are vifible from them; and 
then from thefe calculated lines to compute others next 
to them, and fo on quite around and within the whole 
figure. In this manner fevcral values of each line will 
ariie, both fi’om the double computations by the two 
meafured bafes, and from the various fets of triangles 
which can be formed from the very numerous ho- 
rizontal angles which were obferved at the feveral 
ftations. But in this mode of computation,; after 
6. '■ h '■ great 
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great labour and pains, I had frequently the mortifica- 
tion to find that the feveral values of the fame lines 
would diflhr fo greatly one from another, that I was 
often very doubtful whether I could rely on any of them, 
or even on the mean among them all. Thcfc differences 
arofe from the fmall errors in the (jblerved angles, which 
in feme degree are unavoidable; and indeed they were 
fo fmall, that the fum of the angles of the feveral tri- 
aiu'les which were ufed in the calculation feldoin dif- 
fered by more chan a minute or two from iSoh But in 
a long connedled chain of triangles, dependant on one 
another, tlie elFedls of fuch fmall errors at length l)e- 
come too great to be tolerated in a computation requiring 
.much accuracy. Another method is, fir ft to compute 
from both hafes the length of the line k n extended along 
the I'idgc of the hill from Eaft to Weft, and from it, as a 
fccondary bafe, com]>ute all the other lines in the plan. 
This method admits of much more accuracy than the 
former, fuppofing this fccondary bafe to be friiiy af- 
figned; becaufe that, from the elevated and central fitua- 
tion of this line, all or moft of the other pcints in the 
iurvey are vifible from one or both of its extremities, by 
which it happens that the other lines are moftly deter- 
minable from it alone, without fo clofe a connection with 
one another as in the other method of computation. By 

both 
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both of tiiefc methods then, and by all the triangles 
furnilhed by each of them, 1 computed all the princi- 
pal lines ill the plan, and either took a moan among the 
federal values of each, or clfe Iclciffcd out of them luch, 
one as from various circumilanccs I judged it fai'dl to rely 
upon, as neareft the truth. The trigonometrical compu- 
tations were always accurately made, and generally re- 
peated by logarithms, and the refult of every proportion 
determined to two or three places of decimals. I ihali 
here abftrad; the mean or corrected values of feme of 
the principal lines or horizontal dillanccs fo computed, as 
well as the fecondary bafe kn from the Eaftcrn to the 
Weftern cairn. 

The mean among a great number of ways of compu- 
tation from the South bafe gives the horizontal dittance 
Ifom K to N = 405^*2, and the mean of all the refults 
from the North bafe gives kn = 4058*9, and the 
mean between thefe two gives 4055*5 for the mean 
ilillance of k and n. And this value of kn was ufed in 
computing moft of the other lines, whofe mean refults 
are as here follows, 


VoL. LXVin, ■' ■' ■■■ 4,:T;. ,, Mp 
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a*y =5895*4 the Northern bafe in Rannoch. 
b,b'^ = 30 1 1*4 the Southern bafe in Glenmore. 
NK =4055*5 the diftance of the two cairns. 


Ivll 


5952 


OR 


:3582 


RA =5670 

ab =1489 
BC =4506 
CD = 775 
I)F =7388 
¥G =1166 
GH =4068 
HW =2118 

WL =1816 
LY =7085 
YV =3636 
VT =2645 

TZ =4393 
zu =4132 
ux =1984 
xs =2378 
SR =1410 


NR : 

= 5545 

nb" 

= 6053 

NA 

= 5941 

NB 

= 6573 

NC 

= 7797 

ND 

= 7657 

NF 

= 59^0 

NO 

= 6370 

NH 

= 8195 

NW 

= ^9059 

NL 

=10405 

NY 

=13752 

NS 

= 5795 

NO 

OD 

11 

NP 

= 3271 

NiZ 

=i 1876 

Na 

= 5899 

ulf 

= 76x4 

N/i 

=,,3381 

NiJ'' 

= :ts 85 


KF = 8227 
RG = 8036 
KH = 7748 

KW = 7603 

KL = 8335 
KY =IOOoB 
KV ,= X 02 I 5 
KO = 2615 
^KP,= 3221 
Kfit =13710 
K/S = t 5404 
xm' = 1817 
K. (^'' = 2528 
Ka = 3326 
Klf = 4409 


PG = 48x5 
PH = 5196 


oif^ =5466 
OA =6769 
OS =3271 
OX =4079 
ou =6061 
oz =9073 

OM =3317 


MS ' = . 381 

Ti? =1335 
ztf =37x9 
f'd =6430 

p'f =3934 
=4098 
f /^ =2327 
mVj =1172 
al> =1843 
C (7 =1750 


From the three firft lines, or bafes, and the hoxizoiltal 
angles obfervcd at the feveral Rations, a very large and 
accurate i)lan of the whole furvey was conftruded, form- 
ing a map of four feet long by four feet broad, which 
was verified in every part by the meafures of the com- 

■ ' ; . .'puted 
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piitecl lines, both thofc above-written and others, and 
they were generally found to agree very cxaifly, accord- 
ing to the fcale by which the i)lan was conttrucSled. The 
life of this large map was to receive and admit of the 
diftin£t and accurate exhibition of the figures in their 
true places, expreffing the number of fcetin elevation or 
dexirefiion with refpe£l; to each obfervatory of every 

f 

point and fedlion of the ground whole elevation or 
deiireflioii might be obferved. But before I proceed to 
the computation and confiriidion of the points in the 
fedtions, I fhall here aliftraCl: the niindicrs which exprefs 
the relative elevation of the principal original points in 
the furvey, being the extremes of tr.c lines wliofc lengths 
are above ab!lra61;ed. Thefe few numbers are the refults 
of tile calculation of feveral hundreds of triangles con- 
ceived in a vertical pofition, their bafes being either the 
horizontal lines above- written, or other lines drawn as 
diagonals between many diftant points in the furvey, ac- 
cording to the number of vertical angles wbich had been 
obferved; and of thefe bales, whctlicr real or imaginary, 
each generally , afforded two vertical triangles, as the 
^angles of elevation and deprefiion were taken alternately 
at both ends of the lines* It is fcarcely neceffary to re- 
mark, that all thefe triangles are right-angled, the GOitii* 
mon bafe- being one of the ffdesfabdiit- the fight 'te 
and the other the difference in altitude' between the two 
'r:v. ■ 4T'a 
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given points or extremes of the bafe ; and this difference 
in altitude is found, from the application of this propor- 
tion, as radius is to the tangent of the angle of elevation 
or dcprcflion, fo is the given bafe to the altitudinal dif- 
ference between the two given points, excluflvc of the 
height of the theodolite or other inftrument, which was 
afterwards allowed lor. From the refolution of all thefe 
triangles, and taking the means of the many coiTef|)ond- 
ing- ref hits, were obtained the following numbers, which 
fliew how many feet the ])oints denoted by the letters 
ftanding again!.!: them are below the level of the point n 
or the Wedern cairn. They are all referred to this point 
N at the Weilern extremity of the ridge of the hill, be- 
cdiife it is the moft elevated point in the whole furvey. 
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I'hefe dcpreflions, and thofe of feveral other principal 
points, were firft carefully computed by means of vari- 
ous different bafes, as fo many places from whence the 
fedions were to commence, 

■ , ' 5 'Thefe 
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Thefe fcAioiis are very niimcrons, made in all direc- 
tions from the primitive points before mentioned, and 
many t)fthem extended to great diilanccs far ncyoiid tlie 
bounds of the plan hereunto annexed, fo as to incinde 
the neareft hills and valleys of the furrounding country. 
They are moftly made in vertical planes in the manner 
deferibed in the article of the Phil. Tranf. before refer- 
red to, excepting fonic few of them which are level fee- 
tions in planes parallel to the horizon,, and fome indeed 
irregular as being neither vertical nor horizontal. To* 
compute the relative altitude of each point in thcTc fec- 
tions, it is evident, requires the refolution of two difierent 
triangles, viz, a horizontal triangle hy which its place in 
the plan is afeertained, and a vertical triangle of tvliicli 
one fide is the elevation or deprelFioii of the point. Of 
thefe fedions there are above 70, containing, near 100.0 
points, whofe ifiaces in the 'plan ami relative altitudes 
have been computed : fo that the number of triangles, 
whofe numerical rcfolutions have been performed in the 
courfe of tliis bufinefs, amounts to fevcral thoulands. 

Before the ahftrad of the computation of the fcdlions, 

I iliall here put down at large the calculation of one of 
them, to lliew the manner in which they have been com- 
puted in the readiefi: and eafieffc way that occurred to mej 
■ prefer ving at the fame time the proper degree of aeeh- 

' ■; ' ' V racy». 
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racy. I fliall for this purpofe feleft the third feflioii as 
not containing fo many poles as fome of the others. This 
fcTion commences at s, and is car- 
ried up tlic hill ill a vertical plane, 
making an angle of 105° with the 
line RS. The direftion of this 
plane is here reprefented by the 

^ ^ •' lake /.sr: re 5 

line sppp making with rs the an- ^ 

^ ‘ ^ Leaves 75" 

.gleiispr:: I 0 5'’. TllC XloilltS />/>/> &€. 

mark the |)laccs of the xiolcs, whofe angles of elevation 
or depreffion were taken at s with a x>roper inftrument, 
and they are written in the fecond column of the table in 
this examine. At r were obferved the fcveral horizontal 
angles, which lines fiipj)ofed to be drawn from thence 
made with rs, and thefe are y>laced in the third column. 
And fince in every triangle mp, the angle s is conflant, 
and the fum of ii and /> is equal to the conftant quantity 
75°: therefore each of the angles r, or the numbers in 
the third column, being lubtradtcd from 75“, there re- 
mains tlic correfxionding angle/): and thefe i*cmaindcrs 

are jilaced in the fourth column. Then, fmee the me- 

r Bt 

thod of folntion is this, as Lp ; f,R : ; rs : s/>= x rs ; and 
again, as radius (1)1 tang, elev, :;sp: alt. of p above s = 
Bpx tang. dev. = ^ x rs x tang. dev. Of iu .logarithms 

f.R 



4 . 
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f.R-f./>+RS+tang. elev.=log. of the altitude of the point. 
Wherefore having taken, from a table, the fines of r and 
p, and placed them in the fifth and fixth columns, fiib-- 
tradl: the latter from the former, and write the remain- ^ 
ders in the next or feventh column ; to thefc add the con- 
ftant logarithm of its, and write the fums in the eighth 
column; take out then the tangents of the angles in the 
fecond column, and having placed them in the nintli co- 
lumn, add together tlie adjacent numbers of the eighth 
and ninth columns, placing the fums in the tenth' co- 
lumn, which being the logarithms of the altimdes or 
dcprelfions of the points p, take the correfponding num- 
bers from a table of logaritlims, and ^^'ritc them in the 
eleventh or laft column, for thofe altitudes or depreffions 
with refpeil to the point s, with the height of the tlieo-- 
dolite included, and which is afterwards allowed for, its 
height being generally aliout 4’ or 4| feet. In the lecond 
column D denotes depreflion and e elevation; in tbe.kiil;, 
column n denotes depreilion and a altitude. 
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Thus then every line in the table contains the folutious' 
of the two triangles, the one horizontal and the other 
vertical, iifcd in finding the altitude of each point or pole 
in the fedlion. The addition of the conftant logarithm of 
the bafe rs to the logarithms in the feventh column, is 
mofi: eafily performed by writing it on the bottom of a 
little flip of paper, and fo Aiding it down fiicceflively 
over each of thofe numbers, and in that pofition adding 
them together, and placing the fums immediately oppo- 
fite in the next column. 

And in this manner were computed the relative alti- 
tudes of the points in the other vertical fciflions; except- 
ing two or three cafes, in which the conftant angle formed 
by the feeftion and the bafe was a right angle; and one 
cafe in which the vertical angles were not taken at the 
beginning of the fedlion line, but at the other end of the 
bafe line where the horizontal angles were alfo obferved. 
It may be necelfary, therefore, to infert and explain an 
example of each of thefe cafes, and the more fo as they 
point out the propereft means of meafuring thefe fee- 
tions fo as to fave moft part of the labour in the compu- 
tation, ipwlbich the trouble chiefly confi 

Of the cafe of the right angle, the 
fir ft fedtion is an inftance, >vhere alfo rs 
is the bafe as before, and the angle rs p 
being = 90°. , ; „ ' f ■, '"y . ■ ■■ 

; VoL.,I,,.XVra. ' ' ■ 4'U,' '■ ',v 




Mr. HUTTON’S Calculations to afcertain 


7 2 a 



Dcpi. and 
at s. 

Horiz* 
Ang. atB* 

'fang, of 
vert. 

at s. ■ 

Tang, of 
/.’sR. 

Sum of 
Columns 

4 and 5. 

dth + RS 

=Log. 

Alt, 

Dc]>tli ' 
and 
Alt. 

t 

s ilb-' 

0 / 

10 0 

s '96533 

9-24632 

8*21 165 

1-36105 

23D 

2 

O '30 li 

31 35 

7*94086 

9-78874 

772960 

0-87899 

7 -|a 

3 

4 its 

41 56 

8’S7io6 

9-95342 

8-82448 

1-97388 

94 

4 

6 I4|: 

49 25 

9 '0386 1 

10*06722 

9-10583 

2-25523 

180 

S 

8 i6 

55 51 1 

9*I&224 

xo'x687o 

9'33094 

2-48033 

302 

6 

xo 13 ' 

59 S 7 l 

9-25582 

10-23783 

949365 

2-64305 

440 

1 

” 37 

62 56I 

9-31297 

1029174 

' 9*60471 

2*75411 

568 

8 

xz 25 

65 3 l 

9-34276 

10*33257 

9-67533 

2*82472 

668 

9 

13 21 

66 41I 

9-37532 

10*36568 

9*74100 

2*89040 

777 

lO 

14. lO 

i 67 36I 

9*40212 

10*38519 

9-78731 

2*93671 

864 

It 

IS 17 

1 68 42| 

9 ' 436 S 7 

10-40925 

9*84582 

2-99522 

9S9 

12 ' 

17 46 

70 58 

9.50572 

10,46221 

9-96793 

3'”733 

1310 


19 33 

72 48 

9*55035 

10-50927 

10-05962 

3*20902 

1618 

14 

ao 6 

74 30 

9*56342 

10-55701 

10-12043 

3-26983 

1861 

, 

: ^ ’ 

2 

.1 

3 

4 

5 

6 , 

7 

8 ■' 


In this form there are three columns lefs than in the 
former, by which it happens, that about one-third of the 
labour is laved. The method of folution is thus ; as 
1 (radius) : tang, r : : RS : = rs x t. r; and again, as 

I : tang, s (vertical angle) : ; sfj : sy» x t. s = rs x t, r. x t. s . Or, 
in logarithms, log, Rs+t.R+t. s=log. of the verticaf per- 
pendicular: and by this theorem, it is evident, the co- 
lumns of this table are cohfouded. 
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But nearly the fame faving in the great labour of 
computation would be made if the vertical and horizon- 
tal angles had both been taken at the end of the bafe 
fartheft from the beginning of the fc6lion. Ant! this 
method would alfo be much the caheft in making the 
furvey on the ground, as there would then need only one 
obferver with an inftruraent to meafure both horizontal 
and vertical angles; and any perfon, without an inftru- 
ment, could diredl in a line the perfon who moves and 
places the yjoles, or he may even direct himfelf after his 
firft pole has been placed, by means of a back objea, as 
is commonly done in land furveying. 

Of this kind tliere happens to have & 
been one feaion taken, proceeding 
from G, and making ‘with gp an angle 
of 85®, p being the Northern obfer- 
vatory, and where both the bearings 
and depreffions of the points p in the 

fetaion line were obferved. 

■ , , ■ zp+z-fr;, 

hog,'^ - , y ' ' : ■ A , ' 

^ I which is a conftant number from which 

f.G 9 ^ 9 ^ , the fines of p in the fifth column are 
Sitm 3*680961 to be deducted, . 

foies. 
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CO 

su 

'o 

Ph 

Vcrtic, 
Angles 
at ih 

rlorizoft. 
Ang* at IK 

95 '^- 

Sines of 
/.’b at 

PC + J.G 

Tunc;, of 

Snm ofCol.|Dep, / 
6 arul 7, .below 

ff. I 

I 

n / 

8 45 « 

0 t 

9 

0 / 

1^5 4 S 

9-99880 

3*682 16 

9-18728 

2*86944 

740 

’ 2 

8 

i 5 25 

73 35 

9-99132 

3 68964 

9-18812 

2*87776 

755 

3 

9 SS 

27 16 

67 44 

9-96634 

3*7 1462 

9 244S4 

2-95946 

91 1 

4 

8 38 

3° 5- 

64 8 

9 ' 954 i 5 

3*72681 

9-1S.136 

2*90817 

8ot> 

■L- 

5 

7 6 

34 50. 

60 30 

9-93970 

3-74126 

9 ' 09 S 37 

2-83663 

bh 

6 

, 6 

37 55 

57 5 . 

9*92400 

3*75^96 

8*97421 

2-73117 

538 

I 

2 



1 4 

5 

1 6 

7 

] 8 

9. 


Here it is evident is a faving of two. of the moft labo- 
rious columns in the table. This haxjpens becauie that 
in every triangle pg/> there are now conftant thofe two 
parts which are ufed in the proportion made nfe of in 
the calculation, viz. pg and the angle g. I^or then it is, 
as tp : f.G : : PG : p/'j Or log. p^=log. po+f. fo that 
the him of the logarithms of pg and fine of z. g is a con- 
ftant number, from which the numbers in the fifth co- 
lumn are to be fubtrafted, to find thofe in the fixth co- 
lumn, The reft of tire work is the fame as in the firfi: 
examxile. 

As to the irregular fe6lions, the computation of them 
differs fo little in manner from that of the ufual vertical 

. ; fciSlions, 



the mean Denfity of the Earth. , 725 

fe^lionSj tliat an example of it is nniiecelTary : and the 
. few horizontal fedions need no computation, but only an 
allowance for the height of the theodolite. 

In the following abftradt of the refults of the compu- 
tation of the fedlions, the firft column contains the num- 
ber of the pole, the fccond and third the vertical and' 
horizontal angles, and the laft the difference of altitude in 
feet, between the foot of each pole and the point from 

I* , 

whence the vertical angles were obferved, after making 
the allowance for the height of the theodolite above the 
ground. At the end of this abftradt is a jdate of the 
figures referring to the number of the fe6tion, fhewing 
the direeSlion in which it was carried, with the degrees 
and minutes in the angle formed by it and the bafe 
line. 
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S E C T 

ION 

'1 « . : 

W tv 4 jL« ' 

Bearings 

! Dlilv ol 

at s* 

at R. 

! Alt. 

0 / 

0 / 


5 i 61 d 

, to 0 

18 D 

•0 30 E 

3* 35 

tl A 

4 15 

41 56 

99 

6 141 

49 

18s 

8 16 

SS 5*1 

307 

10 13 

59 571 - 

444 

ri 37 

62 56 J 

572 

12 25 

65 .3I 

673 

13 

66 4i| 

782 

14 10 

67 36^ 

869 

*5 *7 

68 42§ 

994 

1 7 46 

70 S8 

* 3*5 

19 33 

.7 2 48 

1623 

20 6 

74 30 

1866 


SECTION 

Veit, z’s Bearings 
at s. at H. 

0 / o / 

3 40 O , 20 40 

1 a6 E 3a 42 

4'ao ' 4a ,8 j 

6 ai 49 30 j 
9581 59 2 

■1*501 6230 

12 52 65 z 

13 zz 6s 51 

: *5 66 9 


Diir. of 
Alt. 

30 B 
a8 A 
103 
192 
429 

59 * 

721 

780 

806 


SECTION 


Vert. .i,’s 
at s. 


7 5 * 

JO 38 
12 20 
13 46 

*5 43 
*7 35 
i8 o 


Bearings 

at R. 

o / 

19 II 
30 24 
,38 a8 

44 ID 

47 55 

51 22 

53 9 

54 43 

56 21 

57 47 

58 58 


of 

Alt. 

29 » 
51 A 
122 
313 

352 ■ 

524 

668 

818 


SECTION 4, 

Vert. A’s j Bearings ] Diff. of 
Alt. 


39 o 

19 A 

80 

W ' , ' 

«*5 i 
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9 23 

10 17 

11 18 


14 30 

JS 3 

1 6 IS 

17 24 

18 32 

19 29 

20 7 


O' / 

62 36 
68 12 

70 33 
74 o 

76 3 

76 47 

77 4S 

78 s8 

80 II 

81 J3 

82 S 

82 S 9 

83 30 


SECTION 
Vert. z,’s j Bearings 


D II 43 
D 16 51 
E 2350 



DifF. of 
Alt. 


7 32 
9 30 

11 IS 

12 22 

'^3 35 

15 19 

16 29 

17 8 
17 27 


33 14 
37 2S 
40 24 
43 12 
45 18 

47 9 

48 54 

50 12 

51 I 
SI 48 


SECTION 7 . 

Vert. z.’s I Bearings I DifF. of 
at X. at 8. Alt. 


7 30 E( 
I 49 


9 30 

15 Sa 


2 S E 20 49 
4 30 24 48 


',5 4* 

7 *3 

8 14 

.a 4 
To 26 


28 23 

; 30,47 

; 3 a T 9 


24 

52 ' A;;, 

*35 

208 


ft 
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10 

6 / 

11 41 

' 

30 21 

67 S 

1 1. 

IS 36 

37 IS 

773 

I, 2 

13 31 

58 17 

885 

r 3 

13 46 

39 30 

9:3 

14 

e 5 

40 17 

1036 


SECT 

I 0 N 

8. 

Pole. 

Vert', /.’a 
at A. 

Bearings 
at rn 

DifF. of 
Alt. 

t 


0 / 

37 12 

516 D 

n 

10 I 2 | 

41 50 

3S9 

3 

S 41 

44 48 

229 

4 

a 25 

47 a 

107 

'S 

0 29 

49 6 

20 

6 

I 12 E 

51 0 

74 A 

7 

3 ;0 

52 35-1 

198 

8 

■ 5 0 

54 44i 

378 

i ^ ' 

6 18 

55 S 6 i 

520 

lO 

7 a 

56 471 

620 

li 

8 52 

57 24 

8 ai 

12 

10,10 

. 57 SSI 

986 

t O' 

II 24 ' 

58 2 S 

1160 

14 . 

ao| 

5858 

1316 

The place 'of this kft:’. pole 
would feem to be the fame as 'the 
Weftern cairn, as tire Miion was.'di- 


rested tliroitgh Bat thca tlle'lafl: 
iHUiTiber 1310 Is too great; as, | from 
all the otlier"m,eafbres, the dilEJo'alt 


l)Ctween a and n is only 1.303 feer, . 
1 his diC of 13 feet feems to he caufed 
by the hifl: bearing being abont *f loo' 
greaty’for in oi]n:r places thb angle is 
only 58*^ 51/. And indeed many other 'i 
angles taken at ihe (afne tirtsc U'ith the ;! 
above feem to be iiaieh wrong, as tliey !, 
greatly dlficr from correiponding ones j 
taken at otb.cr tio'ics, | 

Such cliilcrcuccs among corrcfpnnrl- \ 
ing angles I often met with in tlic 1 
mcafarcs contained in the books of the j 
furvey, and it rccjuircd much care to | 
cletc6t tlicnij and trouble to reconcile 
them* 



SECT 

ION 1 

9- 

Pole* 

Bearings ' 

Bearings 

1 ✓•“X 

M W 


at A. 

at B. 

0 *^31 


0 t 


Q 

TS 0 

1 

132 2I| 

36 451 

« H 

2 

130 27 

37 34-i 

J" 

3 

127 a 6 

39 8 

fcCCra 

» 0 

4 

124 2 S| 

40 18 

S 

c 

0 

5 

”9 H 

43 19 

6 

III 37 

48 f 

« a 

(i: ■» 

7 

103 4Sl' 

52 S 8 ' 

' T ti 

8 

■ 95 as 

S8 so 


9 

85 SS 

<>7 S4 


10 

78 2 | 

73 14 

75 S 8 i 

2 w 4^#’ 

! I'l.a: 

J I 

82 30 

I 

^ 9 S 

12 

i' 71 4 i| ' 

86 21 

I 

f-4 W 4w# 1 

13 

^ 70 381 

89 33 

»iK^ 

i • 

i !2 ‘S ^ * 

14 

69 39 

9®' 23 ' ■■ 

1 ^ . 


SEC- 



le pol 
homj 
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0 / 

0 / 



0 

V 

! 0 / 


8 

II 52 

1 00 44 

1040 

5 

6 

27 

45 0 

465 

9 

12 52 

I 101 15 

1172 

6 

8 

10 

; 47 32 

642 

10 

J3 56 

lOI 49 

1327 

7 

9 

10 

-19 47 

781 

II 

14 49 

102 20 

1472 

8 

lO 

39 

51 37 

970 

12 

16 10 

>03 3 

1710 

9 

12 

0 

53 3^ 

1177 

23 

16 45 

103 27 

1837 

10 

^3 

24 

55 38 

1422 

14. 

16 S5 

104 20 I 

2013 

n 

14 

0 

57 18 

1584 





12 ' 

14 

18 

58 37 

1704 


SECTION 14* 

13 1 

14, 

21 

58 58 

1734 


Pole. 

1 

a 

3 

4 

5 

6 

7 

8 

9 

no 

II 


Vert, i’s 
at G. 

Bearings 
at F* 

Diff. of 
Alt. 

0 t 

2 3 E 

0 

97 s 

73 A 

a 35 

99 14 

95 

3 S®' 

109 39 

182 

5 S8 

117 53 

384 

6 25 

119 8 

440 

8 31 

120 34 

633 

10 14 

121 SI 

827 

II 29 

12a 41 ' 

985 

I a 30 

^^3 34 

I 149 

134 

,124, 15 

1272 

13 14 i 

124 41 

*339 ■ 

SECT 1,0 N 15. 

Vert, 4^1 

3 .t G# 

Bearings 
at M, 

DiEof 

Alt. 

0 / 

9 46 » 

0 ' t 

14 14 

'17a D 

3 3 ® 

23 9 

loa 

0 45 

31 7 

*7 

I 43 E 

3 ^ *5 

94 ’ 


SECTION 


Pole. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

^3 

14 

n 


Vcit. /L’s 
at n. 

Bearings 
at G. 

0 / 

7 22 D 

0 / 

21 37 

6 11 

34 32 

4 1 

43 23 

0 9 

48 20 

1 43 K 

54 38 

■ '3 35 

60 8 

5 14 

65 8 

6 49 

70 IS 

8 I 

73 ^9 

8 41 

76 39 

9 18 

78 38 

■ 10, 0 

80 22 

10 44 

82 0 

II 31 

1 ,83 24 ■ 

s ^ 

84 43 


i6. 

Dlff. of 
Alt. 

i8g D 
248 
20 1 
4 

119 A 

^1S 

446 

653 

8a8 

977 
1104 
1246 
1403 ' 
1572 
1874 


tioni, M the 4«?preffion8 .mui aMiudea nr, e utterly «v 
compailhk;with thok of ail lli« other neigfcboiBr« 
jog fmhf5 in the pto« \ 


s' E'C- 
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SECTION 17 . 1 

8 

0 t 

0 / 






6 55 

78 7 

531 

Pole. 

Vert. z.’s 
at H. 

Bearings 
at 0, 

DifF. of 
Alt# 

9 

8 33 

81 13 

737 


0 t 

0 / 


10 

9 28 

88 4 

1108 

1 

1 % 15 B 

16 13 

242 B 

II 

9 38 

89 10 

1201 

% 

7 II 

25 6 

216 

12 

9 53 

89 58 

I29O 

3 

4 19 

33 3 

171 

13 

10 24 

90 33 

1407 

4 

t 

I 49 

I 59 E 

38 20 

45 24 

82 

119 A. 

14 

I I 2 

91 lO 

1552 

5 





6 

3 38 

50 3 

243 


SECTION 19. 

7 

8 

0 0 

S 3 33 

57 3 

377 

572 

Pole 

Vert. 
zt w * 

Bearings 
at t* 

DifF. of 
Alt. 

9 

8 17 

60 46 

731 

1 

i8 8 D 

14 51 

168 D 

, 10 

8 45 

62 58 

S2O 

2 

16 28 

31 38 

388 

1 1 

9 S 3 

66 56 

1038 

3 

11 S 3 

39 4 ^ 

394 

11 

10 24 

69 0 

1 i6i* 

4 

7 47 

42 48 

292 

13 

10 45 . 

70 3 S 

1260 

s 

4 11 

46 X2 ^ 

i8a 

14 

II 31 

72 IS 

1424 

6 

2 10 

48 6 

100 

IS 

U 10 

73 55 : 

* 59 ° 

7 

0 31 

so 16 

»3 , 

16 j 

12 31 

75 7 

*703 

8 

2 24 H 

52 4 S 

148 A 


SECT. 

CON 

r8. 

9 

5 55 

5448 

402 


Vert, ^z.’s 

10 

8 4^ 

56 30 

657 

Bearings,^ 

Diff. of 

Pole; 





i 

at 

at w. ' 

.Alt. 


SECT 

I O.N, ' 20 . 

I 

13 3 S D 

0 ' , / 

21 40 

186 6 

Pole, 

Vm. ^’s 

Bearings 

Diff.: of 



i 43 28 ' 

263 ■ 

at w. 

at x,* 

Alt. 



,^.' 55 '.3 .. 

203 . 

I ' 

22'4S D 

7 37 

98' » 

; 4: 

*, ■ 4 '' , 

63 8 

,95 

a 

19 0 

,'■1.6 20 

■'179 

'5 

■■’‘ ■* 3 . S': 

■..69 so-' : 

',84 a. 

■■'.3 

:i8:'4T"'"; 

8; 

367 

6 

'3' 37 , 

■ 73 24; , 

' - '238 ■ :■ 

,4 


' 4 * 54 ' 

412 

' -7 

S ^-5 

, '76. o';:. 

■.,,..386;:':. 

'' S ’ 

L 9 .. 4 I,:..;.,..,. 

n.,48 A''**’* 

, ;j| 4 ,*;'.: 


4 X a 
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6 

0 / 

3 3 ^ 

“ 1 

54 6 

155 

7 

: !■ IS ' 

■ 56 50 

■ 57 

8 

o 55 '•■ 

60 7 

' 55 

9 

4 4 

62 58 

257 

lO 

4.5 

66 a 

487 


S E'C T .1 

ON' a I • 

Pole, 

Vert. 4’s 
. at t. 

Bearings 
at w. 

DiiF. of 
Alt, 

I 

23 S 9 » 

0 t 

18 

2-95 

2 

19 2.5 

33 

377 

3 

14 37 

48 a6 

458 

4 

10 5 , 

56 7 

383 

S : 

5 9 

62 51 

.237 ,' 

6 

12 

69 24 

56 

7 

. .2 2 E 

71 36 

133 A 

8 

4 22' 

73 a 

297 

9 

6 6 

75 aa 

455 


S E C T I 

ON : 

12. , 

Pole. 

Vert. z.’s 
at«. 

JBcarings 

at 

DifF. of 
Alt. 

1 

i 

7 16 » 

- d , t 

S a. 

20 » 

2 

2 49 E 

JO 20 

as A 

3 

3 33 1 

/is 13 

44 


418 

' a 9 34 , . 

'lao 

5 

' , 7 0 

3a IS: 

' asa ■ 

6 

9 3 t 

,3S , 3 

33 'i' 

7 

' to 2,6 

■ 38 52 

' 47 * ' 

8 

i2 19 

41 46 

6s7 


9 

0 # 

14 40 

43 34 

874 

lO 

14 45 top 
of 1 C. cairn. 

,43 35 

874 
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Pole. 

Vert, //s 
' at a* 

Bearings 
at k 

DifF. of 
Alt, 

I 

0 t 

15 a D 

0 / 

4 33 

1 34 D 

2 

0 SI 

IS IS 

4 

3 

0 10 ^ 

35 37 
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4 

3 7 E 

41 53 

97 A 

■ 5 

6 43 

42 34 

209 

'6 

7 36 

43 30 

244 

7 

9 SO 

45 48 

342 

8 : 

1 1 35 

59 5 

664 
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i 
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at 

Bearings 
at a. 
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Alt. 
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29 B 

z 

0 3a E 

21 ,9 

la A 

3 

258 / 

32 57 

64 

4 

' 4 40 

58 S 3 

,133 

S 
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173 , 

■" 6, 

■ 6 24 

121 S' 

340 

1 ' 

7 50 
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8 
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130 23 

546 

9 

8 S 5 

'134 5 ? 

664 
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SECTION 35. 


Pole. 
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3 ft Z'# 

' Bearings 
at 

Diff. of 
Alt. 
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0 / 

8 14 

74 D 

% 

I 47 £ 

S2 24 

54 A 

3 

3 9 

63 13 

”5 

4 

S S* 
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248 

5 

9 IX 

81 35 
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6 
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691 

1 

12 44 

87 45 

802 
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Pole, 
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at 
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Difn.of 

Alt. 

1 

0 / 

17 S 3 » 

0 / 

^ 35 

64 D 

2 

0 26 

48 s 

9 

3 

2 1 A 

60 8 

93 A 

4 

3 4 

62 45 

151 

5 

4 40 

66 15 

256 

6 

6 20 

68 29 

374 

7 

8 lO ' , 

71 57 

5.5° 


SECTION 3 

7 - 

Pole. 

Vert. z.’s 
at t. 

Bearing 
at <7. 

DIE of 
Alt. 

1 

0 1 

4 30 B 

59 

280 A 

^ % 

, 3 33 

, 57 la 

204 . 

3 ;; 

47 


I ' 9 ® ■' 

i . ■ ' 

4 

'0 ,10 » 

S6; IS'': 

i ; : 3 '»' 



■ 4 ; 54 '!: 



6 

0 / 

2 ao 

0 

42 

15 

69 

7 

4 50 

37 

3^ 

122 

8 

1, 18 s?. I 

6 

12 

65 
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Vc;rt. Z.’s 1 
at T. 

Bearings 
at V. 

Diff. of 
Alt. 

J 

0 7 

10 23 B 

16 36 

142 D 


926 

23 
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'Fbc folio v,'ing ;iro the irrc'';u1;ir iedions. In, the 
Ihil coiiimii is the niiniber of in 'the iccond the 

vertical angles; in the third and fourth the (wo Ijcarings 
or horizontal angles at each end of the 1)aic; and in the 
fifth the compnted rcfult, bein',.;' tine diilereucc oi' altitude 
between the foot of each jjoIc and the point mentioned 
in the fccond eolumn where the veriical angles were taken. 
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The three following fe<5tions were taken in a manner 
<lifferent from all the reft. They were made by mea- 
furing in a fti'eight floping line (or nearly ftreight) from 
certain points towards IC and n, and at the beginning of 
the line taking the angle of elevation or deprelFioii of fe- 
veral places or points in it, whofe diftance from the be- 
ginning were meafured. In thefe cafes each diftance is 
the hypotheniife of a right-angled triangle, and the 
manner of operation is this, as radius is to the hypothe- 
nufe or meafured Hope diftance, fo is the fine of the ele- 
vation or depreffion to the difference of altitude, and fo 
is the cofine of the fame vertical angle to the horizontal 
diftance. 
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Bcfidcs thefc fc<S^ions there were muny more hoo;Ic 
points, whole places and relative altitudes were obierved 
and computed, hut it is not ncCelTary to abilract tlicin all 
here. 

'The following j)latc (Tab. vi n.) has 7 2 figure;; ;u sfwcf- 
ing to thefe 72 fe<Slions, each to each, according to the 
numbers. In thefe figures, the line having tlu.* kiters p, p, 
p, &c. annexed is the fedtion line, lire letters p, p, kc. de- 
noting the poles; the other line, forming tlie angle with 
the fe( 5 hon, is the bafe line; and between them arc the 
degrees and minutes containctl in the angle formed by 
them; at the angular point tvas obferved the elevation (ft* 
dcprcffioii of eatli point 'p,! and :thc bearings or hori- 
zontal angles were oisferv^d at the other end of the 
bafe, from whence faint lines, are drawn to fome of the 
ptrints p formin|* with the bafe’" line thofe horissotltal 



ruiglcs 

dra\7n 


^7 ^ 


the fnc.au Dcnjhiy of the Earth, y 

"Flic Ixilc and icdlioii lines in e?.cli ilgiire arc alio 
nearly in liie iluiic dircdlbit as -they arc in tlie 


or on tlic ground, fupix)ling tlia top of the jiapcr t<,) 
be the NtJith, towaiids v’luoh a perfon lo(?ks when vicri- 


ino* tlic crcjvi’.ul Irom tJic Sovitli. 

e,> <,„> 


Having iiniilied the computation of the relative alti- 
tudes of all the points, the next coniideration is how they 
arc to be applied in determining the attradion of the 
hill, hi wliat ever manner this laft mentionctl operation 


may be performed, it is evident, that all the points and 
fedfions with their aUitiidcs muft he entered in the plan. 
Wherefore, having accurately conftru<Stcd a large plan of 
the ground, as before mentione<l, c(:nitainiog ail the prin- 
cipal lines or bales, at tlic extremities of which either ver- 
tical or horizontal angles were taken, from tliein 1 then de- 
termined in this plan the places of all the other iroints in 
the fedlions, wlicther vertical, horizontal, or irregular. 
Thefe places or points were determined by drawing lines 
from each extremity of the bafe fo as to form with it 
angles C(]iiaita tliofe whicli were' obferved on the grouiKl; 
fbt cacli'cbrrdfpQnding^pOid; thejnterfedlions t)f thefcdines,, 
are the places of the polesj which liayfng marked with a 
fine' dot or jK>int'..ofink,Fan(l written;'" 4#? ijtP each point! 
the' proper number fcxpreffirig.'/its relative. and I 

cleaned the' paper by" irubHug-mut/tJ^eylinef Ae. 
.:!■ - "" , ' ^'"F" "■ 'angles; 
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aagks by which the points -were determined, there re- 
mained only the points with the figui'es expreffing their 
altitudes diftintftly exhibited in the plan (fee tab. ix.) 

It remains now to apply all the foregoing calculations 
and conftrudions to the determination of the elfed; of 
the attraction in the direction of the meridian. And 
here it foon occurred, that the heft method was to divide 
the plan into a great number of fmall parts, which may 
be conlidered as the bafes of as many vertical columns or 
piilars of matter into •which the hill and the adjacent 
ground may be fiippofed to be divided by vertical planes, 
forming an imaginary group of vertical columns, Ibme- 
thing like a fet of bafaitine pillars, or like the cells in a 
piece of honey-comb; then to compute the attraction of 
each pillar feparately in the direction of the meridian; 
and laftly, -to take the fum, of all thefe computed etfeCls 
for the whole attraction of the matter in the hill, &:c» 
Now the attraction of any one of thefe pillars on a body 
in a given place may be eafily determined, and that in 
any direction, to a fufficient degree of accuracy, becaufe 
of the fmallnefs and given polition of the hafe; for, on 
account of its fmallnefs, aii the matter in the pillar may 
be fuppofed to be collected into its axis or vertical line 
erected on the middle of the bafe, the kngth of whi|^ 
axis, 'as the mean .'altitude of' the'pillar^j iS'.'to be eiiiuited 

.(''''■.from 
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from the altitudes of the points in the plan which fall 
within and near the bafe of the pillar: then, having 
given the altitude of this axis,, with the pofition of its 
bafe, and the matter fuppofed to be colle<Sted into it, a 
theorem can eafily be given by which the effedt of its, 
attraction may be computed.. But to retain the proper 
degree of accuracy in this computation, it is evident that 
the plan mult be divided into a great number of parts, 
perhaps not lefs than a thoufand for each obfervatory, 
in order that they may be fufficiently fmall, and by 
this means forming about two thoufand of fuch pillars 
of matter, whofe attractions mult be feparately com- 
puted, as mentioned above. The labour and time ne- 
cellary for fuch computation, it is evident, would be very 
great, perhaps not lefs than thofe employed in all the 
preceding comi^utations of the feClions, and all the other 
points and lines concerned in this bulinefs. For this rea- 
fon I was defirous of obtaining a theorem or method by 
which the attractions of the fmall and numerous pillars, 
might be computed with the fame degree of accuracy, 
but ;'witfc:;’l^;veipen:ce'' of ■ labour and time , than when; ■ 
.computed feparately as., above mentioned., , „ .''.And .ki .thisV 
inquiry the fuccd&.ha^'heen eTnal,to\.mywhhes, having;, 
at.,lengthmet'with'amethcid',.by',Vdi^ the buhnel^hitSi. 
b,em^effeCied,. in 'perhaps ,.'one-fonrth 03;: one-fifth of the; 
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lime that would have been required in tlie other way." 
This method I have inveftigated partly jirom Ibrne hints 
of the honourable henry cavendisil, f. r. s. and partly 
from fome of my own, vdiich bad bee!’. ci')i'i:iij-nunicated 
to the Aftronomer Royal in the years 1774 ajid 1775 : 
of which method and its inveftigatioii 1 fliall now give 
fome atconiit. 

Of all the methods of dividing the plan into a great 
number of Ihrall parts, I have found that to be tbc tnoft 
convenient for the computation, in which it is firil di- 
vided into a number of rings by concentric circles, and 
thefe again divided into a fufricient number of parts Iry 
radii drawn from the common center, that center being 
the obfervatory where the plummet is placed on which 
the efFeft of attradhon is to be computed. By this means 
the plan is divided into a great number of iniall (jua, dri- 
lateral fpaces, two of the oi)pofite fides of WhieJj are 
fmall portions of adjacent circles, and the otlicr two arc 
the intercepted fmall parts of two adjacent radii, as aj)- 
X)ears by fig, 1. tab. x. in wlvich, for tlie prerent, 
let the circles anti their radii l)c fupiK>fed to l)e drawn at 
any diftances whatever from each other, till it fliall ap- 
pear from the thcoremtobeinveihgated what may be the 
propereft diitanccs and pdlitions of thofe linesli f 
figure' A is the obfervatory,' 'AN The ;''meridi«iy%'A'E''' aiY 
' '"'V' a . . ' . ' 
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I- alVand-Wcft line, bcde one of the little fi)accs, and f 
ii.'i center or foot of the axis of the pillar wliofe bafc is 
bcde; the figure awnea being a horizontal or level fec“ 
tion through the point a. Join a, f, and with the center 
A (led ri DC the middle circle gfh. I^ct a denote the length 
tif the axis on the point f, or the mean lieight of tlic pil- 
lar on the bafe bd ; and the line of the angle of ele- 
vation of that pillar as obferved at a, to the radius i, or 

s - — JL== . ' Then will the magnitude of that column 

yct-Vhr- 

or its quantity of matter be cxprellcd by x bex^^,. 
which is fiippofed to be all collcfdcd into tlic axis: con- 
fequently, if the attradiion of each |>article of matter be, 
ill the reciprocal duplicgte ratio of its iliftancc, the attrac- 
tion of the matter ill the pillar, fo placed on the plum- 
met at A, ill the dircclion. of the meridian an, will ha 

BC + E0 S + GH, 

— — BE X li? X - X X B E X SC - - x BE x SC' 

2AF 'a At Ah 

nearly, fuppolTng f to be equally dilhint from bc and 
ED, and c the cofine of tlic angle fan to the ratlins i. 


But X c is nearly equal to d the diflbrcnco of the 

can,,., as is .tlinS' dcmoiiftrated. 
Draw GK, FL, HM, perpendicular, and gp parallel to aw; 
and draw; the chord gh. Then ak, am. ai;e fhe fines of 
tlie. angles. GAN, ;:HA,Fr,.; to, the-, radius af, their di^erii^ice 

7 ; ^being-' 
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■being km = gp ; alfo fl is the coline of fan to the fame 
radius: coiifequently gp :FL = i/ *.£•'. But the triangles 
LFA, PGH arc equiangular, and therefore gp : fl=gh ; af. 

(.laafequcntly gh : AF = d : c ; or - d . This equa- 

tion is accurately true when gh is the choid of the aiC', 
and as the fmall arc differs infenfibly Irom its chord, the 
faine equation is iufiiciently near the tiuth when gh is 
the arc itfelf. Suhftitutiiig now d inftead of the quantity 

^ X r in the theorem above, it will become for 

the meafure of the attraaion of the pillar whole bafe is 
bd in the direaion an. Which is as eafy and fimple an 
exprelTion for the attraaion of a lingle piUar as can well 
be defired or expeaed. 

But to make the application of this theoiem ftill more 
eafy to the great number of fmall pillars concerned in 
this bufinefs, let us fuppofe be and d to be conftant or in- 
variable quantities, and then it is evident that wfe flrall 
have nothing more to do but to colled all the /s or fines 
of elevation of all the pillars into one him, and then 
multiply that him by the conftant quantity bex^/, by 
which there will be produced the meafure of the attrac- 
tion of aU the pillars, or of the whole part of the ground 
on one fide of we. Now be will be made to become 

conftant, by making the dreles equi-diftant frbtn 

, ' , , , another, 
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aiiotlier, or by taking tlie radii in arithmetical progref- 
jQon. And d will be conftant, by drawing the radii fo as 
to form with an angles whole fines fliall be in arithme-? 
tical progreflion ; for then d is the common difference of 
the fines of thofe angles. Hence then we are eafily led 
to the heft manner of dividing the plan into the fmall 
fpaces, viz. from the center a dcfcribe a fufficient num- 
ber of concentric and cqui-diilant circles ; divide the ra- 
dius Ai of any one of them into a fufficient number of 
equal parts, and from the points of divihon eredt perpen- 
diculars to meet the circle; then through the points of 
interfedlion draw radii, and they will divide the circles 
in the manner required. 

In a compittation of this kind, we need only calculate 
the attradtion of the matter above the plane or horizon 
of each obfervatory, and the attradlion of fo much niatter 
as is wanting to fill up the vacuity below that plane lying 
between it and the furface of the lower x>art of the hill. 
For the South obfervatory, the attradlioa of the Southern 
parts that are above it muft be fubtrJtt^ed from tiiat of 
■■the.M§r|heim,|»^ts, to. Gbtain.:the attra,dtion.df the.wkolfe 
-towarcis' ithie.' North :;;.'th'at '.is,.'' the,. Soirthera ; ele!Val:ibns . aiiB 
"negative, and-idie Ifoitherh ernes The aotf' 

trary names ' take place: with, -jpifpedt flib 
the vaaiities below the plane of the obfervatory if 
' " Yol.'LXVIIL , A' ' ' the 
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the whole fpace below this horizontal plane were full of 
matter to an equal extent both ways, its attracfiion need 
not be computed, as thofe 'on the contrary fides would 
mutually balance each other ; but fincc there are unequal 
vacuities on each fide, it is evident, that the attradlion of 
the matter that might be contained in them mufl: be de- 
ducted from the other two equal quantities, to leave the 
real attraction of thofe two fides; then fubtraCting the 
remainder to the South fide from that of the Northern 
fide, there will at laft remain the joint effect of all the 
matter below the plane in the Northern direction: but 
as the one remainder is to be fuhtraCted from the other, 
the two equal quantities may be omitted in both, and 
only the effeCts of the vacuities brought into the account, 
which being twice fubtraCted, their figns become con- 
trary to thofe of the parts above the horizontal plane; 
that is, the effeCl of the Southern vacuity is affirmative, 
and that of the Northern one negative. But for the 
Northern obfervatory, when the attraction towards the 
South is to be found,. the contrary names take place; 
that is, in the elevations the Southern parts are affirma- 
tive, and the Northern parts negative ; but in the vacui- 
ties or depreffions, the Northern patts are affirmative, 
and the Southern ones hegativei. ' 

^ . , '' 
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According to the foregoing method the plan of the 
ground was divided into 20 rings by equidiftant con- 
centric circles, defcribcd about each obfervatory as a cen- 
ter; and each quadrant was divided into la parts or 
fedtors by lines forming, with the meridian, angles wliofe 
fines are in arithmetical progreffioii; by which means 
the fpace in each quadrant was divided into 340 fmall 
■parts, making almoft a thoufand of fiich parts in the 
whole round for each obfervatory, or near 3000 for the 
two obfervatories. This was judged to be a fuffidcntly 
great number of parts to afford a very confiderable de- 
gree of accuracy ; or at leaft that number was as great, 
and the parts as fmall, as was well confiftent with the 
degree of accuracy afforded by the number of points 
whofe relative altitudes had been determined. 

Ill this divifion the common breadth of the rings, or 
the common difference of the radii, is 66 6|- feet; and 
the common difference of the fines of the angles formed 
by the radii and the meridian is -^th of the radius; and' 
confeqiiently, thofe angles are expreffed in degrees and: 
minptetqasrjh'ere? follows, vm. 4*’'47',' .,9^ 3'ffV 

24“'jS7',''3o'’ 

56 ° a6'i,’66‘^'a6'|,"9o"';OT:' ' 'T,- ""''‘o 

Tab. ; IX. contains'; a fm'all'Tkh:iOf ’Vlhia> 
moft, cental part of the grQnhdiraG<snr^flpdi«^te|^'&^ 

5A2, above 
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above manner for one of the obfervatories, namely, the 
Northern one, with the i^laces of all or moft of the 
points which fall within this part of the ground, accu- 
rately laid down and marked with dots, as alfo fuch of 
the included letters as have been before mentioned in 
this paper. 

In this plate rabcd, &c. is the chain of ftations 
around the hill; n and k are the Weft and Eaft cairns on ' 
the extremities of the ridge of the hill; o the Southern 
obfervatory, and p the Northern one. Of this kind were 
made two large plans, one divided for each obfervatory, 
from which were eftimated the mean altitudes of the pil- 
lars ereaed on the fptices into which they are divided. 

Thefe altitudes are eafily eftimated when feveral of 
the points fall near and in the fmall fpaces or bafes, efpe- 
cially when they are near the middle of them ; but, nu- 
merous as the points are, there are evidently many bafes 
in which none at all are contained, nor even near them. 
This drcumftance at firft gave me much trouble and dif- 
fatisfadion, till I fell upon the following method by 
which the defed. was in a great meafiire fupplied, 
and by which . I was enabled, to proceed ih the eftkaation 
of the altitudes both with much expedition and a cohft- 
clerable degree of 'accuraeji.; fi'.This' method wastheeoii- 
netfting; together by' t:he' points' 

'■ of 
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of the fame relative altitude : hy fo doing, I obtained a 
great number of irregular polygons lying within, and 
at fome diftaiice from, one another, and bearing a confi- 
derable degree of refemblaiice to each other; thefe poly- 
gons were the figures of fo many level or horizontal fec- 
tions of the hills, the relative altitudes of all the parts of 
them being known; and as every bafe or little fpace had 
feveral of them pafllng through it, I was thereby able to 
determine the altitude belonging to each fpace with 
much eafe and accuracy. In this eftiraation I could ge- 
nerally be pretty fare of the altitude to within ten feet, , 
and often within five, which on an average might he 
about the looth part of the whole altitude; and when 
we confider that the number of fuch eftimated altitudes 
is very great, and that it is probable the fmall errors- 
among them would nearly balance one another, the de- 
fea of thofe that might be reckoned too little being com- 
penfated by the excefs in thofe which might be taken too 
great, we need not hefitate to pronounce, that the error 
arifing from the eftimation of the altitudes is probably 
.^iit'^isnichiefs' than that part.- ■ ■ 

. It, was' heceflary. to determine thefe' altitudes "of 'the 
pillars, in Order to compute, the iinefr of the angles of 
, elevatiom.'lubtended_ by^^themjvas^«he''CheOre^>re^^ 
the.ufe.hf thefe finesp 



deducing the latter from the former lliail be explained 
after we have, as below, rcghtcred tlse altitudes of all the 
pillars as they were (;on-\[)Ut'ed. I'lus rctpilcr confifts of 
iixteen tables, namely four quadrants of j paces in the al- 
titudes, and four in the dcprclfions, for each obfervatory, 
as fpccilied in. the titles of them. The numbers are feet, 
like all the other dimenfions. The numbers on the fame 
horizontal line frojii left to right are ftieh as are all in the 
fame ring; and thole in one and the fame vertical co- 
lumn are in the fame fector, or between the fame two 
radii; the number of the ring, counted from the com- 
mon center, is written in the left-hand margin ; and the 
number of the vertical column or diftance of thefpace- 
or fedtor from the meridian, at the top; alfo the radius of 
each ring, that is, the line from the common center to 
the middle of the ring is written on the fame line with 
it, in the right-liand' margin. It may be further re- 
marked, that in Inch little fpaces as were cut through by 
the .boundary line between elevations and depreffions, 
thereby making but a part of fuch fpaces in each of 
thofe denominations, each fpace was accounted as a whole 
one; but then the mean altitude or deprellion in each 
part was diminiflied in the proportion of the whole fpace 
to the part of it fo included in the boundary , 'tte 
titudes and depreffions are'putdpwn^ firif'with relpfgitp ''; 
a ' ' ■ ' ' ' the 
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the Southern obfervatory o, and then for the Northern 
obfervatory p ; and in each, the altitudes are placed firft. 


I. Altitudes above o in the N.W. quarter. 
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3. Altitudes above 0 in the S.W. quarter. 
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4, Altitudes above 
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Depreflions below 0 in the N. 
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7. Depreffions below o in the S.W. quarter. 
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Depreffions below 0 in the S.E. quarter. 
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9. Altitudes above p in the N,W. quarter. 
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II. Altitudes above p in the S.W. quarter. 
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15. Depreffions below p in the S.W. quarter. 


9 I j 140 1 ICO I 70 j 40 I 40 I 


Ip I 400 j 340 I ago I 230 I IQO 


13 I 480 I 500 j SCO 1 510 1 500 j 460 


390 

1 5 1 260 1 260 


12 

Radii, 


' 56^ 


6333 

X40 

■7000 

a 60 

7667 

, 3 , 1 ?.. 

J33i5 

■'£30 

1; 9000 

Ts'o 

9667 




uooo 


rri 6'67 

















the mean Denjiiy of the Earth* 765- 


1 6. Depreflions below p in the S.E. quarter. 
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It remains now to find the fines of tho vertical angles ■ 
fubtended by all the foregoing altitudes and depreflions, , 
flnce the fiim of thefe fines is what we are in qiieft of. ■ 
Each altitude or deprefEon is the perpendicular of a ; 


bafe, or other fide about the right-angle; and by the re- 
folution of the right-angled triangle, for each perpendi- 
cular, the fame number of correfponding fines .will he 
found. But with fuch data the tangent of the angle is 
much eafier to be found than the fine, and the analogy 
for that purpofe is this^, as the baffe : to the perpendieu»- 
lar : ; i (rachus) ; the tangent required, whiqli there-- 
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fore be found by l>arely dividing tlie given perpendicular 
by the bafe ; and if we find this number in. its proper 
column in a table of fines and tangents, on the fame line 
'with it, in the column of fines will be found the fine of 
the angle required. I'his feems to be the ealieft way of 
refolving' all the triangles when computed feparatcly. 
But as the labour would be very great iu performing fo 
many hundreds of arithmetical divifions, See. either by 
logarithms, or by the natural numbers, inftead of it, the 
following method, propoied by the Hon. Mr. cavendish, 
was adopted, as being a much more expeditious way of 
‘Obtaining the fum of the fines required. This method 
coiififts in finding, in a very eafy manner, the difference 
between each tangent and its correfponding fine, from 
the given bafe and perpendicular, and then, fubtradting 
the fum of all the differences from the fum of the tan- 
gents, there remains the fum of the fines. Several ad- 
vantages attend this method of proceeding : for, to find 
the tangents' we need not divide every perpendicular fe- 
parately by its correfponding bafe, but add together all 
the perpendiculars that arc on the fame line, and divide 
their fum by their common bafe, which is the radius of 
the middle of the ring, and is placed on the fame line 
with them towards the right-hand; for thus we fhall 
have little more than a twelfth part of the nuthber of 
' ■ ' ■ ' ■ ■ ■ . . ' ■■ ■ divifions 
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divifions to perform : alfo a great part of the tangents are 
fo fmall that they do not at all differ from their corref- 
poiiding iines in the number of decimals that it is necef- 
fary to continue the computations to, in all which cafes 
the ti'ouble of finding the differences is faved; and thofe 
differences which it i§ necelTary to compute, are very 
readily found by infpedtion on a peculiar kind of Hiding 
rule, which was conftruiled for this purpofe, and of 
which I fliall here give a Ihort defeription. 

This rule (the figure of which is reprefented tab. x. 
fig. 2.) confifts of three columns; one marked af or 
bafe, which is moveable by Hiding it up or down by the 
fide of the other two which are fixed; of thefc tw^othe one 
contains the perpendicular altitudes or depreffions, and 
the other the differences between the fines and tangents 
to the radius i . To conftruft the numbers on this rule ; , 
form a feries of logarithmic tangents in arithmetical pro- 
grefiion, of which the firft term is 9*000, and the com- 
mon diffei*ence *025; take out from a table the cor- 
refponding natural tangents, and place them in the firft 
and feond columns of bafe and perpendicular, and the - 
difference between the natural fine and natural tangent 
in the laft column, marked Diff, To make ufe of this . 
fcale ; look out any bafe and its correfponding perpendi- - 
cular in their proper eolumns, that is, .any i*adiuS;^ its. 
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correfponding altitude or depreffion in the fixteeii fore- 
going tables, without regarding the number of places 
they contain, und bring them to correlpond; then, if 
they coiilifl: of the fame niiniber of places, the lower in- 
dex oil the fiidcr or firft column, or that anfwcring to 
1000, points to the true difterence between the fine and 
tangent in the laft column ; but if the number of places 
in the bafe exceed that in the perpendicular by one, the 
upper index 100 miift be ufed. And in this manner 
were computed all the iliilcrenccs which were necelFary 
to be found, and placed in their proiier %uares ibrmed 
by the meeting of the horizontal and vertical lines, or 
rings and federal fpaces, in the following fet of iixtecn 
tables, which correfpond to the foregoing fet of lixteen, 
each to each, according to the number of them, and 
marked at the tops with the numbers r, 2, 3 &c. to la 
for the federal fpaces, and with the number of the rings 
on the left-hand margin. Alfo, in the coluraii imme- 
diately after the number of the ring are placed the I'adii 
which formed the laft column in the preceding tables ; 
then, in the third column, are placed the fums of the al- 
titudes and depreffions found in each line of the former 
tables; and, in the next column, the quotients found by 
dividing the numbers in the third by thofe in the fecond 
column; thefe quotients are the fums of the tangents 

belonging 
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t>elonging to eacli line or ring, which being all added 
together, their total is placed at the bottom of the co- 
lumn : after this follow the twelve columns of dilFerences 
before mentioned, which are fucceeded by one more co- 
lumn containing the fums of each line of thefc difter- 
ences, which fums being added together, their total is 
placed at the bottom of them ; and this total is the fum 
of all the differences between the fines and the tangents, 
and it is therefore fubtra<5ted from the total of the tan- 
gents in the fourth column, when there remains the fum 
of the fines as required. 

I. For the fum of the fines of alt. above o in the 

N .W. quarter. 
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2. For the fum of the fines above o in the N.E. quarter. 
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2 1 *600 fum of the tangents. ] 

1*808 zz fum of the differences* 

' 19*792 fum of the fines. 
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3. For the fum of the lines 
above d in the S.W.qtiarter. 
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7 . For the fhm of the lines heloW o in the S.W. quarter, 
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For the fiim of the fines below 0 in the S.E. quarter. 
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1 1 . For the fum of the fines above p in the S.W, quarter.' 
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„ ^ 5 - 

l^or the fuin of the fines below p in the S.W. quarter. 
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Having now obtained the fums of the iines for the 
feveral quadrants, the next bufinefs is to colledt them 
together, and deckidl the negatives from the afiirmatives. 
And this may be done either for each obfervatory fepa- 
rately, or for both together. I fliall do them feparately, 
in order thereby to difcover alfo the ratio of their effects. 
And, lirft, for the Southern obfervatory o. 
Affirmatives. Negatives. 

1 . . 24-795 3 • • a- 374 S-W. 

2. . 19-792 N.E. J * 4 . . 0-375 S.E. J 

7.. 24-806 S.W. 5.. 13-534 N.W.-i 

8.. 29-213 S.E. 1 ^ 6.. 12-356 N.E. 

98-606 = fum of affirm. 28-639 ffim. 

28*639 =fum of negat. 

69-967 = effective fum of the fines for o. 

Secondly, for the Northern obfervatory p. 
Affirmatives. Negatives. 

11 . . 25.078 S.W. 1 .. 9. . 0-019 N.W.T 

12.. 20-261 S.E. J * 10.. 0-090 N.E. J 

••13 •• 25-637 N.W.1 15 •• 2*774 S.W. 1 

14.. 26 .i 6 iN,E.i ^ i6..5-6ioS.E. J ^ 

97*137 sr fum of affirm. 8-493 
■■ ^*49 3 = fum of negat. , . 

88-644 = effective fum of the fines for p. 

69-967 = the fame for o. ' A : 

1 5 8-6 1 1 = the fum of the fines for both obferv. 
V0L.LXVIII. 5D From 
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From thefe numbers it appears, that the efFe£t of the 
attrachioii at the Northern obfervatory is to that at the 
Southern one, ncaiiy as 70 is to 89, or as 7 to 9 nearly. 
This difference is to be attributed chiefly to the effedl of 
the hills on the South of the Southern obfervatory, which 
were conflderably greater and nearer to it than thofc on 
the back of the Northern obfervatory. For although the 
Southern obfervatory was placed 273 feet above the level 
of the Northern one, which removed it conflderably 
more above the center of gravity of the hill than the lat- 
ter was, it was at the fame time iflaced conflderably 
nearer than the other to the middle in a horizontal direc- 
tion ; fo that probably the one difference nearly balances 
the other ; and accordingly we lind that the ftim of the 
affirmative altitudes for o is 44*5 87, and of thofe for p 
45*339, which differ by only a 45th part nearly. 

It only remains now to multiply the fiim of the lines 
by the common breadth of the rings, and by the common 
difference of the lines of the angles made by the meri- 
dian and the feveral radii. It has already been obferved, 
that the former is 666|, and the latter yV; therefore 
X 666f = “--2 = 5 — is their produdl: confequently, 
1 5 8*6 1 1 X = 881 1 j nearly, is the fum of the two op- 
poflte attfadtions made by the hill, See. at the two obfer- 
vatories. , ' f ■ ■ , ■ 
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In order now to compare this attradlioii with that of 
the whole earth, this body may be confidered as a fpliere, 
and the obfervatories as placed at its furface ; hoce tJie very 
fmall differences of thefe fnppofitions from the truth, are 
of no confcqnence at all in this comparifon. Now the at~ 
tra<ition of a fphere, on a body at its furface, is known to 
be = where dis — the diameter of the fphere, and c = 
3* 1416= the circumference of thecircleof which the dia-. 
meter is i . But cdh=. the circumference of the circle to 
the diameter and therefore the attradlioiiof afpbere will 
be expreffed by barely j of its circumference ; which is a 
theorem well adapted to the computation in hand. The 
length of a degree in the mean latitude of 45°, is 57028 
French toifes (fee p. 327. Phil. Tranf. 1768): and the 
fame refult nearly is obtained by taking a mean among 
all the meafures of degrees there put down, that mean 
being 57038 toifes. I lliall therefore ufe the round 
number 57030 as probably nearer the truth. This 
number being multixdied by 6, the produtSt 342180 
llrews the number of French feet in one degree; but, 
by p, 3 26. of the fame volume, the lengths of the Paris 
and London feet are as 76*734 to 72, that is, as 4*263 
to 4 ; therefore, as 4 ; 4*263 :: 342180 : 364678 = the 
Englifli feet in one degree; and this being multipj.ie 4 bf i 
360 the whole number of degrees, there refufe 

5 D 2 131284080 
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131284080 feet for the whole circumference, which 
are equal to 248641- miles, making 69^10 a degreee in 
the mean latitude, Laftly, \ of 131284080 give 
87522720- for the meafure of the attradlion of the 
whole earth. 

Confequently, the whole attraction of the earth is to 
the fum of the two contrary attractions of the hill, as the 
number 8752272 o to 8811 f, that is, as 99 3 3 to i very 
nearly, on fuppofition that the denfity of the matter in 
the hill is equal to tlie mean denlity of that in the whole 
earth. 

But the Aftronomer Royal found, by his obfervations, 
that the fum of the deviations of the plumb line, y>ro- 
duced by the two contrary attraClioiis, was 11*6 feconds.. 
From hence it is to be inferred, that the attraction of the 
earth is actually to the fum of the attractions of the hill, 
nearly as radius to the tangent of 1 1 *6 feconds, that is, 
as I to *000056239, or as 17781 to i; or as 17804 to t 
nearly, after allowing for the centrifugal force arifing 
from the rotation of the earth about its axis* 

Having now obtained the two refults, namely, that 
which arifes from the aCtual obfervations, and that be- 
longing to the computation on the fuppofition of an 
equal denfity in the two bodies, the two proportions com- 
pared muft give the ratio of their densities, which is 
6 : , ' ■ , that 
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that of 17804 to 9933, or 1434 to 800 nearly, or almoft 
as 9 to 5. And fo much does the mean denfity of the 
earth exceed that of the hill. 

Thus then we have at length obtained the objedt 
which we have been in queft of through the very labo- 
rious calculations that have been defcribed in this paper, 
and in the furvey and raeafurements from which thefe 
computations were made ; namely, the ratio of the mean 
denfity of all the matter in the earth, in comparifon with 
the denfity of the matter of which the hill is compofed. 
And that ratio we have found to be equal to the ratio of 
9 to 5. And, for the reafons before mentioned, I think 
we may reft fatisfied, that this proportion is obtained to a 
confiderablc degree of proximity, probably to within the 
fiftieth part, if not the hundredth part of its true mag- 
nitude. Another queftion, however, ftill arifes, namely, 
what is the denfity of the matter in the hill? Is its mean 
denfity equal to that of water, of fand, of clay, of chalk, 
of ftone, or of fome of the metals? For, according to 
the matter, or difterent forts of matter, of which it is 
fcffmed^ and according as it is coiiftituted with or with- 
outfiarge^ vacuities, its': mean denfity may be greater or 
lefs, and that in a- degree which is not eertainly known* 
A: eonfidemble degree of,, accuracy; 
only be obtained by a clofe examination of the Internal 

■.'Vftru'ftur©' 
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ftru6ture of the hill. And the eafieft method of doing 
this would be to procure holes to be bored, in feveral 
paits of it, from the furface to a fufhcient depth, after 
the manner that is pradliced in boring holes to the coal 
mines from the fnrfacc of the ground; for by fuch ope- 
ration it is known what kind of ftrata the borer is pafled 
through, together with their dimenfions and dcnlities. 
The proper mean among all thefe would be the mean 
deniity of the hiil, as comparetl to water or to any other 
fimplc matter; and thence we flioukl obtain the compa- 
rative deniity of the whole earth with refpedt to sratcr: 
hut in the prefent inlbance, we nuifl; be fatisfied with the 
efkiraate arihng from the report of the external view of 
the hill; which is, that to all appearance it confifts of an 
intire mafs of folid rock. It is probable, therefore, that 
we fliall not greatly err, if we aflume the deniity of the 
hill equal to that of common Jftone; which is not much 
different from the mean deniity of the whole matter near 
the furface of the earth, to fuch depths as have adlually 
been explored either by digging or boring. Now thC' 
deniity of common ftone is to that of rain water as 2 *- to 
i; which being compounded with the proportion of 9 
to 5 above found, there refults the ratio of 4f to i for 
the ratio df the denfities of the earth and rain water; 

that 
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that is to fay, the mean denfity of the whole earth is 
about times the denfity of water. 

To what iifeful purpofes the knowledge of the mean 
denfity of the earth, as above found, may be applied, it 
is not my bufinefs here to fliew. I flrall therefore j)nt an 
end to this paper with a reflexion or two on the premifcs 
before delivered. Sir isaac newton thought it proba-, 
ble, that the mean denfity of the earth might be five or, 
fix times as great as the denfity of water; and we have, 
novv^ found, by experiment, that it is very little lefs than 
what he had thought it to be: fo much juftnefs was even, 
in the furmifes of this wonderful man ! Since then the, 
mean denfity of the wliolc earth is about double that of 
the general matter near the fiirface, and within our 
reach, it follows, that there muft be fomewhere within 
the earth, towards the more central parts, great quantities 
of metals, or fuch like denfe matter, to couiitci'balance 
the lighter materials, and produce fucli a confidcrablc 
mean denfity. If wc fuppofc, for inftance, the denfity of 
metal to be i o, 'wliich is about a mean among the vari- 
ous kinds of it, the denfity of water being i, it would 
require fixteen parts oirt of twenty-feven, or a little more 
than one-rhalf of the matter in the whole earth, to be 
metal of tfiis derifity, in order.tp compofe a mafs of fuch 
meaii' denfity as'-we, have fonncl,^, the /earth :tp .ppflefsh.y^'- 

Gur 
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our experiment: or or between j and | of the whole 
magnitude will be metal; and confeqiiently or nearly 
f of the diameter of the earth, is the central or metalline 
part. 

Knowing then the mean denfity of the earth in com- 
parifon with water, and the denlities ot all the planets 
relatively to the earth, we can now affign the propor- 
tions of the denlities of all of them as compared to wa- 
ter, after the manner of a common table of fpecific gra- 
vities. And the numbers expreffing their relative den- 
lities, in refpe£t of water, will be as below, fnppolingthe 
denfities of the planets, as compared to each other, to be 
as laid down in Mr. He la lande’s aftroiiomy. 


Water . . . 

I 

The Sun . . 


Mercury . . 

9 j 

Venus , . . 

eSl 
■J < s 

The earth . , 

4 r 

Mars . . , . 

37 

The Moon . . 

3 -n- 

Jupiter . . . 

.W t 

Saturn . . , 

13 

3 Z 


Thus then we have brought to a Goncludon the com- 
putation of this important experiment, and, it is hoped, 
with no inconfiderable degree of accuracy. But it is the 
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: kind wliicii has been fu minutely 


and circiimftantiaiiy treated ; and iird: attempts arc tci- 
(lom fo perfeil and juft as fuccceding endeavours after- 
wards render them. And, befides, a frequent repetition 
of the fttmc experiment, and a coincidence of reiults, 
afford that firm dependance on the conckifions and iatif- 
fa'ffion to the mind, which can fcarccly ever be had from 
a fingle trial, however carefully it may be executed. For 
thofe reafons it is to be wiflied, that the world may not 
reft fatisfied barely with what has been clone in this in- 
ftance, but that they will repeat the experiment in other 
fituations, and in other countries, Vvith all the care and 
preciilon that it may be pofiible to give to it, till an uni- 
formity of conclulions lhall be found, ftifiicient to efta- 
blhli the point in queftion beyond any reafonablc poffi- 
bility of doubt. Wlr.it has been already done in the pre- 
fent cafe will render any iiitnre repetition more eafy and 
perfect, but improvements may bo made, perhaps both 
in, the mcHlc of computation and in the furvey; in the 
latter, cipecially, there certainly may. Some improve- 
ments of this kind I lravc hinted at in forae parts of this 
paper, which with others I fliall here coUeiSt together, 
that they may readily be feen in one point of view. They 
are principally thefe. Procure one bafe, or more if con- 
venient, very accurately meafured, in fuch iituation, that 
■■Vol.'lXVIIL ' ' ' .5 F. ■ , ' , ' ' as 
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as many more points as j^iTible in the fiirvey may be 
fecn from it. Affiime as many principal or eminent 
points and objeds as may l,)e. proper and convenient; and 
from each one of them meafurc the angles formed by- 
all the reft that can be fecn, both horizontal and vertical 
anglcSj and repeat thefe oblcrvations, if convenient, with 
the inftrument varied or reverfed, taking the means 
among the fevcral quantities of each angle. Take then 
as many fedions of the ground, an<l as far extended in 
ail diredtioiis, as the time and circumihtnccs will poHibly 
admit. Of the fedions, thofe that are horizontal or level 
are the heft, as they require no calculation; procure 
therefore as many as poffihle of them. In vertical fec- 
tions obferve the vertical angles, not in the plane of the 
fedion, but at feme other point of which the bearing is 
alfo taken from the beginning of the fedtion line, and 
■where the horizontal angles of the poles are taken, for 
the reafons before mentioned in p. 7 23. And it will be a 
dill farther convenience if the fedion be made in ftich 
diredion as to form a right angle with the line drawn to 
the point or ffcation from whepce the vertical angles of 
the x)oles are obferved, as may be feeii from what is faid, 
in p. 731, It might,, perhaps, be proper to make fome 
experiments on a valley inftead of a hill, taking two ob-- 
fervatories at the two oppofite lides of it, both for the 

greater 
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greater variety in this iiitereilmg problem, and becaiife 
alfo the furvcy would be more calily made, on account 
of the ground being more in view at each ftatioii than in 
the cafe of a hill, which generally hides more than half 
the compafs from the obferver. In computing the reia- 
‘tive altitudes of all the principal ftations, let the opera- 
tions be performed mutually both backwards and for- 
wards, that is, from both of every two objedls, having 
for that purpofe obferved at each of them the vertical 
angle of the other, namely, both the angle of elevation 
•and the angle of depreffion, and take the mean between 
the two computed differences of altitude ; for this ex- 
cludes the necellity of making the proper allowances for 
refradtion, and for the curvature of the earth ; llnce the 
elTcdt of each of thefe is balanced and corredted by that 
of the counter oldervation. Blit as to thofe points in 
the fedtions which are far diftant from the obferver, 
and where great accuracy is required, it may be proper 
to make the allowance for rcfradlioii and curvature, as 
there is generally no back obfervation by which their 
effedts may be balanced. Thefe are the chief hints 
which at prefent occur to me, befides the general infor- 
mation to be derived by the computer from the perufal 
of the modes of computation that have been deferibed in 
this paper. As to the furveyor, he will ftrike out other 
, , , . ■ ^ ' s'E, 2 , ; f Gpnvenient. 
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convciiient ways of nicafurcmcnt adapted to the circuni- 
ftances with which the oatiirc of the fiirvey may Irap- 
pen to he attended. 

A map of the country about Schchallicn is licrciinto 
annexed, to convey a general idea of the nature of the 
ground, and for the better illuftration of the defjription 
given in the former parts of this paper. This map is tal?.,. 
XI. 

Woolwlcli, 
iipril 27, 1778. 
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XXXIV. An Account of the Blue Shark, together with 
a Drawing of the fame. By W. Watfon, jun. M. D-.. 

F. R. S. 


Read Jane 4, 
1778. 


^1 "^HE filli from which the drav/ing was 
made w^as taken on the Coaft of De- 


vonfliire. It had got into fiiallow water, by which acci- 
dent Mr. MARTIN, a very great lover of natural hiftory, 
and who happened to be on the fliore,, was enabled to 
drag it out by the tail, and to kill it on the fpot. 

LiNNiEUS places this animal in the clafs of amphibia, 
under the name of fqualm glaucus, and makes ufe of 
artede’s defcription, Viz. fqualus fojfula trlangulari in 
extremo dorfo, foraminibus nullis ad oculos. As this iifli 
is well defcribed by rondeletius and others, I fhall 
only fubjoin the following remarks. There are two tri- 
angular dents at the origin of the tail, both above and 
below; that vv’hich is on the back is biggefl: and deepeft. 
No orifices are to be feen behind the eyes, as is nfual 
with fifties of this genus. Two white membranes, one 
to each'eye, perform the office of eye-lids.. They are 
placed beneath under the external integuments, and; 

, . ' ■ ■ ' : ; . ' move' 
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move upwards when they cover the eyes. It is furniftied 
with five rows of teeth ; thefe are triangular, and finely 
feiTated'"^.. The body is of a fine blue colour, dark on 
the back, lighter on the tides ; the belly and all the under 
part of the fifh white ; the fins and tail were of a dirty 
blue; the colour of the blue part is exactly reprefented 
hy different fliades of indigo blue. When the head was 
placed downwards, a pretty large white pouch came out 
of its mouth, jelian fuppofes this to have ferved as an 
afyliim to its young brood in time ot danger. The 
length of the fifli from the tip of the nofe to the end of 
the tail was fix feet eight inches ; the length of the pec- 
•toral fin one foot four inches: the fcale annexed to the 
drawing will give the meafurement of the other parts. 
It was a female, and weighed fifty-five pounds. An out- 
line of the under fide of the head is added, .in order to 
fhew the fituation of the mouth. 

As I have never been able to fee an accurate drawing 
■of this fifli, and as Mr, pennant, in his Britifli Zoology, 
whiles a farther account may he given of it, I thought it 
not unworthy of the Society’s notice. The fifli itfeif was 
•ftuffed, and is now at the Britifli Mufeiira. 

(a) I cannot afcertain how many 'rows of teetli belonged to each jaw, they 
facing fejiarated by boiling before they were’jjropeiiy , examined. 
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XXXV, A'Defcription of the Exocoetus Volitans, or Fly— 
ingFifli. Thomas Brown, nearQVA^ow. 

Communicated by Dr. Fothergill, F- R. S. 


Read June 4, r"|~^ XJ £ beft reprcfentation I can give of the 
flying fifli is in the accompanying 
iketch, drawn from one of the middling fize, about nine 
inches long, and full four round at the thickeft x)art'^‘’k 

From the largenefs of the head, and the body being 
neither j)totninent above or on the lides, the eyes are 
fituated in fuch manner as to difcover their danger or- 
j)rey almoft all around them; but when they are pullied 
out of their fockets, which the fifh is capable of doing 
confiderably, their fphere of vifion is greatly increafed. 

The fkin is uncommonly firm for the fize of the ani- 
mal, and their fcales large and thick. As they have no - 
membrane to lhade the eye, they are not able to cover 
the pux)il in any of its motions. 

The wing is ho other than a large pe(5toral fin, com- 
pofed of feven or eight ribs or pinions, the largeft of 
which being uppermoft, reaches almoft to the tail, , the: 

,( a) The naked ont-line flaows the forin. of the month when opened. 

.reftv 
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reft gradually fliorterun.p; to the bottonij are conae*£lod 
by thin incnibraiioiis pelliieid iiitns or webs from their 
roots which fpring near the gills to the very fumniit, 
where they loie themfelvcs in llenclcr points : at tlicir 
thickeft ends approaching each other, tlicy unite in a 
line, which, in correfpondcnce with tlic form of tf.c gins, 
is nearly the fegment of a circle; though there tlrcy are 
conneded, it is in fuch a manner as to allow of being- 
drawn a little afunder, which feparation. is coniidcrable 
at the other extremity. The united ends arc grooved or 
hollowed, to receive a ridge or protuberance of the fca- 
pula, to be afterwards mentioned, forming a joint capable 
of little motion, excepting backward and forsvard; in 
the one cafe, the wing lies clofe to tlie ftdc ; iii the other, 
it is moved from the lidc forward, forming an acute or 
redangle with the body of the fiili; bpt neither at tins 
time expanded. Thefe two motions are perfonned, I 
prefame, in common fwiraniing. 

The fore-part of its body, from near the backbone 
downwanl to the bottom, where it tcrmiuutt's in a p't)int, 
is fortified juft behind the gills by a fiat bone on each 
,ilde, which anfvver all the piirpofes both of clavicles and 
fcapuljB in land animals : they are firmly united before, 
or at the inferior part where they arc nan osvea"', and ruii- 
uing upward, widening as they appro-ach the back, they 

become 
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become fomewliat hollow towards the body, and a little 
convex outwardly at the broadeft part; ])iit towards 
the gills the edge of the bone on each fide is turned 
outward, like the cape of a garment, to form a fraootli 
furtace for them, and at the fame time to give lodgement 
to a ftrong mufcle under it, which fills the whole fpace, 
on the fuperior part of the bone; for on the pofterior 
part of it the articulation is made with the wing. 

Juft above the joint the fcapula is fmooth and hol- 
lowed, in the manner of a crefeent, to allow a tendon to 
pafs from a fmall mufcle which lies on the inferior part 
of it, next to the body of the filh. 

The upper part of the ridge that forms the joint, and 
is received by, or articulated with the wing, is rounded 
and foraewhat enlarged, over which the ftrong tendon, 
bound down by a ligament, together with forae fibres 
of the' mufcle lodged under the inverted edge of the 
bone, is obliged to pafs, and, going over the joint, is in- 
ferred into the root of the ftrongeft and ui>pcrraoft ]>i- 
nion ; near to which place, the tendon, palling in tlie 
lemi-liuiated part of the fcapula before mentioned as 
over a pulley, is alfo inferted a little way beyond the 
joint. 

By the action of thefe two mufcles, pulling in oppo*^ 
fite diredions, though both upwardly, at the’ fame time 
Vox.. LXVm, s F .that 
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that the lower pinions are kept down by the mufcles on 
the anterior, by thofe on the pofterior and inferior part 
of the fcapiila ; I fay, the efFcdt of the adlion of thefe two 
mufcles is, to pull the pinions upward, and at a greater 
diftance from one another, or in other words to expand- 
the wing; for the joint does not allow of any motion up- 
ward, and if it did, it would not in the leaft influence the 
flze of it. 

The other mufcles that lie on the external, internal, 
and inferior parts of the fcapula, together with feveral 
fmali ones that run backward : thefe, I fay, alfo ferve to 
move the wing backward and forward. This fcaimla 
and wing, with all its apparatus of mufcles, can be eafily 
divided, except at the fuperior part, from the mufcles 
that form the fore part of the body of the fiflr, being 
only connected by a cellular medium. 

The globe of the eye is large in proportion to the ani- 
mal; the pupil large too, and nearly, if not altogether, 
circular. The cornea is lefs tranfparent than in the ge- 
nerality of filhes; the fore part of the globe is a good 
deal flatted, as if a fegment or portion had been cut off, 
for fo fmali a part of the aqueous humour is contained 
between the cornea and iris, which is of a filver colour, 
that they are nearly in contact. 

^ ■ ' , The 
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The optic nerve, though at its cgrefs from the &11II 
it is united by a common external membrane with that 
of the other eye, docs not feem blended with it; this 
nerve, which is very large, pierces the external coat on 
the bottom of the ball, but not in the center; it enters 
on the tide of the axis next the fifli’s body. The exter- 
nal tunic into which the mufcles are immediately in- 
ferted, and which gives ftrength and figure to the whole, 
is very firm, tough, and almoft horny : when the eye is 
boiled, it feems to have a continuation of fibres, and in- 
deed is of the fame colour with the feptnm of the eye 
or iris, the cornea feparating readily from it, and having 
then the appearance of the fmall fegment of a great cir- 
cle or globe, applied to the great fegment or fide of a 
much fmaller one. All the bottom of the ball is covered 
with this ftrong membrane, except in the pofterior part, 
where it becomes abruptly much thinner, more pliant, 
and of a fixape nearly refembling the fpace left by the 
union of four circles, or a kind of fquarc with its fides 
bent inward; in the center of this the optic nerve enters, 
clofe to the fide of which an opening, like a pin-hole, 
appears, through which I imagine a fmall artery pafles. 

The cryftalline humour, both in the I'ecent and boiled 
fubjedt, is entirely fpherical; in one it had the appearance 
of bottle glafs ; in the other it was bright as cryfial. 

5 F a When 
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When boiled it feemed to be attached to the vitreous hu- 
mour, which was not then coagulated, it had an ol.dong 
blackifli lubftance fixed to it like the fragment of a blood 
veiTel, which I could with difficulty fcparatc. 

In the frefli fifli, the bottom of the eye, except where 
the optic nerve entered like a fmall elevatetl white Ipcck, 
was laid over with a downy pearl-coloured paint; a 
part of which, upon fqueezing out the vitreous humour, 
fometimes floats on its furface. Upon removing this, a 
black foft painting appeared, which in the hotttom of 

I 

the globe, and foraeway round the entrance of the nerve, 
had a reddifli caft, or ftreaks of red, buried in it : thefe 
were mafles of fine blood veflels, which I imagine had 
fpriing from the fmall perforation before mcntioiicd. In 
the boiled eye, thefe paints were not much altered, ex- 
cept the red part, which, like all coagulated blood, was 
now become dufky. On the back part of the iris, or ra- 
ther the poflerior part of the acpieous humour, it was 
only covered over with the black coloured pigment. 

The mufcles of the eyes were remarkably ftrong, 
broad, and diftin£f; for in fmall fiflics they are in gene- 
ral fo pappy and tender, that it is very difficult to exa- 
mine them with accuracy. 

Their throat or fwallow is formed of an, oblong, 
rounded protuberance on the backpart of the fauces, 
4 and 
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and a receiving hollowed fubftance on the fore part, "both 
plentifully armed with fmall tenter hooks, pointing 
backward. They fecm to have no remarkable dilatation 
in tlic canal of the bowels, in the maimer of a Homach ; 
but one tube pafles dircdtly from the mouth to the anus, 
on the upper or anterior part of which lies the heart; 
on the lower or pofterior the liver and gall-bladder; and 
on the tides of this laid arc lituated the rows, wdiich con- 
fift of two lobes. On each fide, and at fome little dif- 
tance from the heart, is a pale afii-coloured fubftance, 
fomewhat rcfembling the lungs of fmall birds, which 
feem to join at the back, and to run united all along the 
hollow clepreftion there as far as the anus. Thcfc parts 
were fo very tender, and fo little fit for examination with 
the hands or knife, that it was impofiible for me to dif- 
cover their ule, or to toce any communication they 
might have with the throat. 

Noftrils they have, and I could pafs a hog’s briftlc 
through them, by the palate, into the mouth. 

Ill the recent ones the abdomen was near two-tlnrds 
full of air. At the balls of the Ikuli I found two little 
fiat fnow-coloured tiones, irregular and rough, fuch as 
we find in cod and many other fea fifties. 

Upon examining the wings after being fome time ex- 
pofed to the air, I find they become fo dry, and the fine 

^ thin 
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thin intervening membrane fo rigid, that it is difficult to 
expand them without violence, at the fame time that the 
motion of the whole wing backward and forward is no- 
thing impaired; this circumftaiice, which only happens 
after the fiih has been a confiderable time out of the water, 
may have given rife to the common tradition amongft 
fea-faring people, that it can liy no loiigei than its 
wings are wet, and that in its flight it Ikims along the 
furface and dips, fkims and dips again, with no other 
piirpofe than to moiften and keep them in a flying tiim. 

That in the courfe of one flight, at leaft once, twice, 
or perhaps thrice, it flightly touches the water is certain ; 
whole IS performed in lb fmall a fi[)ace of time, 
jfg continuance in the air is of fo fhoit duiation, that 
even in the dryeft, warmeft weather little is to be appre- 
hended from the too great rigidity of the wings. In my 
opinion, though this circumftance of moiftenitig them 
mav he of fome ufe, and a fecondary advantage, yet they 
feem to touch the water for a more important piiiTofc, 
for the fame reafon that a diver or fwimmer, when be- 
low the furface of another element, is very freciuently 
obliged to emerge into his own. It may alio he of fbme 
ufe in giving the animal new force and vigour for ano- 
ther departure. 

But as flying is only a fudden expedient, in order to 
efcape the jaws of their enemies, and by no means their 

natural 
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natural or ufual mode of exiflence, there feems not to be 
any particular or remarkable apparatus iieceffiiry for a 
long fubliftence, nothing is wanted but the power of mo- 
tion ill our atniofphere, and the drying of their wings, 
to be the only inconvenience they are likely 
to fuffer. Hence it is, that in every other part of their 
frame and ll;ru< 5 lure, fmall provilion is made by all- 
bountiful nature for this tranfmigration. 

In flying not only their fins and wings are much ex- 
panded, but alfo their tail ; they fkim along the furface 
of the deep with great velocity, fomewhat in the manner 
of a fwallow, but in ftraight lines, and from the black- 
nefs of their backs, the whitenefs of their bellies, and 
forked expanded tails, they have much the fame ap- 
pearance^"^. 

They can fly fifty, fixty, or more yards at one ftretch, 
and repeat it a fecond or even a third time, only the 
flighteft momentary touch of the furface that can be 
conceived intervening. 

it 

Tliey are feldom folitary, but rife in flocks or flioals'"'^. 
In tafte they fomewhat refemble a mackerel. 

(b) Since writing the above, I find the ancients were acquainted with this 
fpecics; PLINY mentions it under the name of the Hirundo. 

(c) We found them in greateft quantities between the latitude of 15° and io® 

N. from 20° to 30" W. of the meridian of Londons but they abound between 
the Tropics in many other places of the vaft Atlantic, as well as in the Jndian 
■Ocean, ' ' 


They 
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They are drove out of their own element by the 
fhark^'^'^, the porpoife'*'^, the albicore'"-^'', the bineto'^^^, and 
dolphin to become a prey in ours to the booby'"''', the 
man of war'"''’^, and tropic bird'"'’''; but I fufpedt their vi- 
lion in air is not very diftindt, as they often in their 
flight fall a fliip-board, or ftrike againft whatever hap- 
pens to be in their way, as was the cafe with all thefe I 
examined : and indeed the form of the cryftalline hu- 
mour of the eye feems to countenance this opinion, be- 
ing of the fame fpherical figui'e with that of the greateft 
part of thofe fifties that altogether inhabit the watery 
element. 

(d) Squalos Condu£lor. 

(e) Delpliinus Phoca*na, 

(f) Scomber Thynnus. 

(g) Scomber Pelamis* 

(h) Delphinus GorypliCTa. 

(i) PcHcanus Pifoator. 

(k) Pelicanus AquiltiSj or Man of war bird* 

■ ( 1) 'Pbaeton aithereus* 
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XXXVI. Reafons for diffenling from the Report of the 
Committee appointed to confder of Mr. Wilfoii’s Expe- 
riments', including Remarks on fame Experiments ex- 
hibited by Mr. Nairne. By Dr. Mufgrave, F. R. S. 

Road June 2 Sj T DOiiotfindtliatDr.FRANKLiNjiii aiiy oftiie 
paffages where he fpeaks of the efFicacy 
of fliarp-pointed condu£lors to jsrevent elediical explo- 
•fions, has expreffed any doubt, of their being iiiiiverfally 
preferable for this ptirpofe to thofe which have a blunt 
or fpherical termination. The fame obfervation may be 
made of the other gentlemen who are the advocates for 
his docSlrine. It may therefore be aflhmed, that both he 
and they mean to affert an univerfal propofition, “ That 
“ Iharp points will, in all cafes, draw off the clcdtrical 
“ fluid filently within the diftance at which rounded 
ends will explode; or, at Icaft, that the former fort will 
“ in no cafe receive an cxplofion at a greater diftance 
than the latter.” I think, it neceflary to obferve, that, 
though I diffent from this do6lrine, I do not mean to 
affert the contrary univerfal propofition, but only to deny 
the univerfality of that affertecl by Dr- franklin-,; which 
Vol.LXVIIL ' .f"\' 



8o2 Dr. Mus grave’s for dijfenting 

I apprehend to be fometimes true, and fomctioies alio 
falfe. 

But before I attempt to fpccify the particular cafes in 
Aviiicii the ftiarp and the blunt tcriiniiadcns arc rcffKC- 
lively more liable to eledlrical explofions, it may l;c of ufe 
tofliew(wliat many gentlemen feem not to be thoroughly 
aware of) that fnarp points having the moft pcrfcdl 
communication with the earth, arc not wdiolly exempt 
from receiving them. My firfl: authority fliali be Dr. 
FRANKLIN himft’lf. Let a perfon,” hiys he, p. 6o. 
“ ftanding on the floor, prefent the point of a needle at 
“ twelve or more inches from it [the prime conductor], 

and while the needle is fo prefented, the condiidlor 
“ cannot be charged, the point drawing off the fire as 
“ faft as it is thrown on by the eledtrical globe. 'Let it 
“ be charged, and then prefent the point at the fame dif- 
“ tance, and it wiM fuddenfy be difeharged.” Tlic w'ord 
Suddenly means, I fuppofe, that it will receive an explo- 
fion; that being the moft natural and obvious proof of 
ihefuddennefs of the difeharge. The fame thing is more 
direcftly afferted by Mr. henly, in voL lxiv. of the Phil. 
Tranf. p. 13 8 . where he informs us, that in clifcliarglng 
three of his large jars, to the coating of which he liad 
connedted a wire nicely tapered to a point, the fire flew 
to the point, and the jars were difeharged with a full and 

loxid 
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loud explodon. A third, und equally decilive, proof is 
fiirniflied by Mr. nairne’s own experiments, tliougii 
fecmingly made with a contrary view. For when the 
double or interrupted condii61;or was iifed, and the fecond 
condudbor fixed down by ferews at about three inches 
diftance from the firft, the point prefented to the con- 
trary end of the fecond condudtor was found to receive 
a ftrong and loud explofion, with a white light at the dif- 
tance of at leaft three inches. 

If we compare this experiment with another, very 
common one, exhibited at the fame time by Mr. nairne, 
the comparifon will, perhaps, lead us to the difeevery of 
a principle upon which cledtrical cxplofions very fre- 
quently depend. Though the point, in the circuraftances 
above deferibed, received fo ftrong an explofion, yet 
when it was prefented diredlly to the prime conductor, it 
received no explofion wdiatever at .any diftance, nnlcfs a 
fuccefiion of weak fparks, at tlic diftance of about a 
(piartcr of an inch, can be called fo. To what mutt this 
difference be attributed.^' Plainly to the diftcrciit quantity 
of eledric fluid accumulated on the i>rime condudor in 
the one and the other cafe. Where the point is prefented 
to the prime condudor, from the time the machine bC'- 
gins to work, the property which is attributed tO; them, 
and which, in fome cafes, they really poftefs, of .ftealing 
■ , ■ .5 'G,a , ■ . away 
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away the eleftricity j[ilently; this prox>erty, I fay, ope- 
rating from the very heginning, prevents the eledlric 
fluid from being accumulated in the prime condu< 5 lor, 
and of courfe the quantity of it will xilways be fmall. But 
when a double or interrupted conductor is ufed, the fc- 
cond coiiduftor receives no elciftricity till the prime con- 
dudtor is pretty highly charged, and, if put at the greatcll 
ftriking diftance, not till it is fully charged, and confc- 
qiiently the ilrarp point prefented to the oppolitc end can 
carry away none of it till that time ; whenthe whole quan- 
tity is thrown off at once. Itfliould feem then, that thccx- 
plofion in one cafe, and the non-explofion in the other, de- 
pended wdioily upon the different quantities to be thrown 
off: whence it will follow, that though a fmall quantity 
of eledlricity will pafs off filently upon a point, yet that 
this power is very limited; for that if a fomewhat greater 
quantity be applied fucldenly to a fharp point, it will not 
pafs off filently, but create an explofion in proportion to 
its denfity. 

The fa<£ts above related are a fufEcient anfwer to that 
other experiment of Mr. nairne’s, in which he exhi- 
bited a fharp point, that when perfedily communicating 
with the earth drew off the electricity filently from the 
prime condiuStor; but received explolions freely, when 
the comrhunication was broken by interpofing little 
ifthmufes of fealing wax. This experiment, it is true, 

■ ' . demon- 
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demon Pirates that a broken communication will occafion 
the iltarp point to receive an explofion; and lb far it mult 
he owned to be concliifive. But if it was intended to fug- 
gclf, that whenever diarp points do receive an explofion, 
it is owing to this circumftance, and, confequently, that 
Mr. Wilson’s experiments at the Pantheon were unfairly 
made; in this view, it has no weight, becaufe w^e have 
already feen that an interrupted communication is not 
the only circumftance that will produce an explofion, for 
that increafing the quantity of elcdtricity will have the 
fame effedt. 

I cannot omit the opportunity here ofl'ered me, of re- 
marking the unfairnefs of the infinuations that have 
been thrown out to the prejudice of Mr. wins on. Had 
there been any juggle in making his experiments, it 
would certainly have been detected by the committee 
appointed to examine them. And in cafe of fuch a dc^ 
tedlion, it was the doty of the committee to lay open the 
impofture both to the Society and the Pul)lic. Inftead of 
which, inftead of difputing or even doubting the fair- 
nefs of thera^ they have in a manner admitted it, by only 
faying in their report, that they appear to be inconclu- 
five. This, I fay^ is admitting the fa<fts to be fairly 
ftated : unlefs we could fuppofe their regard for Mr. 

"son,' and' tendernefS' for 'his reputation, ■''''.''had '^induced 
' ■ '■, ,",'4 ' . ".them, 
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them, after detecting the fallacy of his experiments, to 
pafs it over in filcnce; of which improper partiality I do 
not know that they arc fo much as fufpcfStcd. WJiat 
therefore the committee, after a ftri(£t ferotiny of the 
matter, did not think themfclvcs w^arranted to lay, I take 
for granted they would not infiiiuate; and that therefore 
fucli infinuations can only arife from the levity of more 
obfcure perfons, puzzled perhaps by the feeming con- 
tradi'hion between Mr. Wilson’s experiments and tliofc 
of Mr. NAiRNE, and too impatient to inveftigate the real 
caufes of that difference. 

I am perfuaded, however, that the known property of 
lliarp points to carry off ele<5lricity filently, when the 
quantity is fmall, together with that other principle, 
which I apprehend I have here eftabliflied, that they 
ceafe to do fo when the quantity is large; that thefe two 
(taken together) will clear up the whole dijfficulty, and 
account for Mr. nairne’s exiieriments, without any im- 
peachment to thofe of Mr. wilson. I have already hud 
occalion, in thecourfe of this argument, to confider two 
of thofe experiments, of which therefore I fliall fay no 
more ; but proceed, \yithout further digreffion, to exa- 
mine thofe that remain. . fo , t 

The firfl; I fhall mention is that, in which the prime 
conduffor, being previoiifly charged with, eledf rkity, : a ' 

, V . ■ ■ fliarp 
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jilrerp point is preiented to it within the attradiing, and 
without the exploding diftanccj and then brought flovvly 


on towards it. In this cafe no explofson follows 
is there any reaibn to expect it ilioiild., Ijccaufe t 
tity of clcbhdcity is gradually diminiihed by the 


; neitlier 
'he qiian- 
ap]n'"oacli 


of the point, fo that when it comes within the fi:rikiir(>- 


diftance there is not enough left to make an cx]:l()ljon. 

It is equally ea.fy to cx}5lain what happens when, a 
tranfverfe arm is liung fa as to ofciliate freely upon the 
prime conduefor, and tv/o equal cylinders of tin-foil are 
fiifpciidcd, one at each end of this arm in. pcrfcfl: cqui- 
librio with each other. The a].>paratus being in this ihite, 
if the machi,nc be worked, the two, cylinders will remain 
IlatioiKiry, neither of them afeending or defeending. They 
will alfo remain ftationary, if a point be prefented to one, 
and a rounded end to the other. In tire cafe they are 
cle*Trified,but remain raotionkfsj becaufe there is no con- 
diidting body within the fphere of their aeftion. In the 
fccond, the rcftilt is the fame; hccaufe, making in fad 
part of the prime coududor, the point prefented to one 
of them prevents any accumulation of cl edridty. When 
the point is withdrawn, and the rounded end luffered to 
remain, an accumulation takes place, becaufe there is 
nothing now to ftcal it away ; and the coiifequeiice. is^; 
that the cylinder defeends towards the rounded ah'd 
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explodes as foon as that accnmiilation arrives at a certain 
period. 

ThirdlVj when an intermediate condiidlor is \ifed, ter- 
niiiiatecl at each end with a ball, and the middle of it 
refting in equilibrio upon a pivot, on which it has a free 
ofciiiation upwards and downwards; if in this ftntc a 
|)oint is placed under the end moft diftant from the prime 
condudlor, the machine being then worked, the other 
end will approach fo near the prime condudtor, as that 
the ftream of eledlricity will flow freely into it, as fall; as 
it is produced by the adlion of the wheel. In this cafe 
there will be no explofion; and the reafon is obvious, 
becaufe the fecond condu6tor, when it approaches fo 
near the firft as to form an uninterrupted channel for 
the eledric ftream, becomes virtually a part of the firft. 
Hence the point operates upon both together, juft as it 
does when prefented diredly to the prime condudor, 
that is, it deals away the eledricity by little and little, 
leaving not, enough to give an explofion. When inftcad 
of the point a poiiftiedball is placed under the fame end 
as before, this being lefs difpofed to receive the elcdric 
fluid, conveys away none of it; fo that accumulating to 
a certain degree upon the prime condudor, it explodes 
upon the contiguous end of the fecondj which, having a 
free ofciiiation, flies up with the ftroke, and carries the 

oppofite 
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oppofite end towards the ball, where, being fatiirated, it 
gives a fnap; the recoil of which fnap throws that end 
lip, and the contrary end back towards the condn6lor, and 
fo on alternately, as long as the machine continues 
working. 

The event, however, is widely different when the fe- 
cond condu£tor, inftead of having a free ofcillation, is 
ferewed down in one place, and at fuch a diftance from 
the prime condudtor, as not to receive the eledtric fluid 
till confiderably accumulated. For then the fliarp point, 
previoiifly oppofed to its other end, difeharges it, as was 
before obferved, not in a continued ftream and fllently, 
but at intervals, and with a ftrong exploiion. 

The laftof Mr. nairne’s experiments, and the only 
one yet unconfidered, is that of the lliai'p point, which, 
being fixed to a kind of inverted pendulum, ofcillated 
with great velocity under the prime conductor, without 
receiving any cxplofion. Now from this experiment 1 
do not comprehend how apy general concluflon can pof- 
fibly be drawn. It has been already fliewn, from the ac- 
knowledgement of Dr. FRANKLIN, and the experiments- 
of Mr. HEN LY and Mr. n airnk, that electricity, accumu- 
lated to a certain degree, will explode upon a point. If, 
tlierefore, in any particular iilftance it does not explode, 
what can we infer from it, but that the accumul^ytion m 
V, ¥ol. LXVIIL ' -.s'H"' 'every 
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every fuch inftaiice was not fufficiently great; which 
may happen either from the fmalliiefs of the apparatus,, 
or from want of care in making the experiment. 

And now if we look back upon Mr. Nairn e’s experi- 
ments (which, by the by, have not all of them the merit 
of novelty) we fliall find them to be nothing more than 
different exemplifications of this well-known principle, 
that fharp points giving lefs refiftance to the ingrefs of 
the ele<5lric fluid will draw it off at a greater diftance 
than blunt or fpherical terminations, and where the 
quantity is fmall will draw it off filently. This, I fay, is 
* the whple amount of his experiments; the only one of 
them in which the eleftric fluid had time to accumulate, 
being attended with a different event from the reil, and 
producing, as might reafonably be expedted, a llrong 
explofion. 

It is not, however, this fingie property of Iharp- 
pointed condudtors, which muft decide the queffcion. We 
have already feen, that there are two properties infepara- 
ble from them, both of which muft be taken into the ac~ 
count, before we can determine the propriety of affixing 
them to buildings, particularly powder magazines, as 
prefervatives from lightning: firft, their greater propen- 
fity to admit the eledfric fluid, in confequence of which 
they aa upon elearified bodies at a greater diftance than 

rounded 
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founded ends will; and, fecondly, their incapacity to 
draw away more than a certain quantity of elecStricity 
without an explofion. 

The firft quality enables them, when eledlridty is ac- 
cumulated gradually, or when they are brought gra- 
dually towards the eledrified body, to heal away the 
jfiuid by little and little, till there is not enough left to 
give an explofion. And hence, in, common experiments, 
the point, placed at a greater diftance than the ball, will 
prevent the eledtricity from exploding, as it otherwife 
would do, upon the latter. But if we combine this qua- 
lity with the fecond, the fuperior, propenfity to admit, 
with the incapacity in certain circumftances of difchai'g- 
ing filently, it will be evident, a priori^ that the x^heno- 
mena muft in fuch cafes be reverfed, juft as they appear 
to be in Mr. Wilson’s exiieriments ; that the j^oint muft 
ftrike at a greater diftance, and the rounded end at a 
leffer. ■ ' , ' ' ' • , • 

Wiiat puts tins matter beyond a doubt is, that when 
the double or interrupted conditdor is iifcd, the experi- 
ment may be fo managed, as that the ball fliall receive 
an explofion at a greater diftance than the xjoint, or the 
point at a greater diftance than the ball, at the pleafure 
of the operator. If care be taken, at the begihnihg 
the experiment, to fet the fecond condu<5torat the ^eateft 
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diftance from the firlt, compatible with its giving a full 
and fmart esplofion, the point in that cafe whll receive 
the explofion at a much greater diftance than the ball. I 
was myfelf once prcfcnt at an experiment, wdien the dif- 
ference was as 6 to i, that is, the ball w^ould receive no 
explofion at a greater diftance than |-ths of an inch, when 
the point received it at fix times that diftance. On the con- 
trary, if the feeond condudlor be put confiderably wnthin 
the diftance above deferibed, the ball will receive an ex- 
plofton much farther off than the point. Upon repeat- 
ing both thefe experiments lately with a fmall machine, 
I found the refult to be as follows.- When the diftance 
between the firft and feeond condudor was i-|th of an- 
inch, the point tvas ftruck at a ~th of an inch ; but a ball 
of i|ths of an inch in diameter would not take the ftroke 

Q 

at more than one inch. But when the diftance between 
the condudors'was only |tbs of an inch, the point, could 
not be ftruck at more than Iths, whereas a ball of the 
lame diameter as before was ftruck at 7 inches and |, and 
a lefter ball ^ths of an inch in diameter at 6 inches and 
fjths. I have been told alfo, but have, not yet had time 
to verify it, that a medium diftance may be found, at 
vvhich if the feeond conductor be fet, the point and ball 
prefented to the other end will be exadly upon a pah 
with relped to the exploding diftance, 

, , ' ■■■ : ' , -Thefe 
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Thefe phenomena, to perfons who have not carefully 
confidered them, muft appear fo extraordinary, that iin-- 
lefs the caiife of the diverfity is explained, they will per-- 
haps be led to fufpedl fome unfairnefs in maldng the ex- ■ 
periment. The truth, however, is this; that when the 
two condudlors are fet at the greater of the two diftances,- 
the abfoliite quantity of elecStricity colledled before the^ 
explofion is exadly the fame in each experiment; and- 
therefore the diflances of the ball and point fmm the' 
fecond concliichor being equal, and the greateft. at which’ 
either of them will be ftruck, the explofion will- go to- 
the point, as being more fufceptible, and giving- lefs re- ■ 
fiftance than the- ball. But in the fecond fuppofed oafe; 
when. the. fecond conductor is fet confiderably within the - 
former diftance, the quantity of electricity, wdxich ex-- 
plodes upon the point, and the ball is not the fame ; the ■ 
point, in this cafe exerting its known property of ftealing 
away the, electricity filently, which the ball from its 
greater I'efiffcance is incapable of doing. The confe- 
quence is, that the quantity accumulated to give an ex- - 
plofion upon the ball is greater than that which ex-- 
plodes upon the point, and .being greater will very nafu- - 
rally explode to a greater diftance. . 

I, might fafely have refted the matter upon this v 
gjro.und ; hut another proof, equahy: dedfive, havipg iince.'; 

■ ■ , - ' occurred, 
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occurred, it is but doing juftice to my, argument. to infert 
it here. In the experiments made with a view to fettle 
this diipote, and x^tiblillied by Mr. henly about four 
years ago, there is one, the fifth of that fct, which it is 
• difficult to reconcile with the dodlrine here laid down, 
that eledfricity ftrongly accumulated, and moving with 
great velocity, will exjilodc ujioii a ffiaiy^ point rather 
■than a ball. 

He deferibes it thus : “ Having infulated the jar, and 
connected fjy chains with the external coating, on one 
fide a knob,and on the other fide a fharji-iiointed wire, 
both being infulated and ftanding five inches from 
■“ each other, I placed a lai'ge copper ball, eight inches 
“ in diameter (infulated alfo) fo as to Hand exadlly at 
“ half an inch diftance both from the knob and the 
“ point. The jar being fully charged, I delivered it upon 
“ the copper-ball by my difeharging rod, whence it 
leaped to the knob, which was three quarters of an 
“ inch in diameter, and the jar was difeharged by a loud 
and full explofion, and the chain was very luminous.” 
Phil. Tranf. voL LXlVi. p. 13b. 

It muft be obvious tp any careful eledrkian, and Mr, 
WILSON had in his anfwer obferved, that an experiment 
thus loofely and unphilofophically made, was not greatly 
to be relied upon; becaufe two Chains being made ufe of, 
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one to connect the ball, and another to connedl the fliarp 
point with the coating of the phial, a different number 
of links, or different degree of tightnefs in the two > 
chains, would produce a difference in the refult: for it 
bing a known property of eledtricity to pafs mod; readily 
where it has the feweft and the fmalleft intervals to leap 
over, the explofion would naturally pafs that way, where 
the.links were drawn tightefl; ; or if both chains were left 
loofe, as from the plate they appear to have been, then 
where they were feweft in number, inftead of being de- 
termined by the circumftances of bluntnefs and lliarp-. 
nefs. 

It was however poftible, that Mr. henm.y might be 
right in attributing it to the fharpnefs of the point; and 
therefore, in order to fettle this doubt, I defired that the : 
experiment might be tried over again, in fomewhat dif- 
ferent circumftances. Mr. caval.lo accordingly tried it 
in the following manner. Upon an infulated ft and he 
placed a ball, about ~-ths of an inch in diameter, and a 
fharp point, diredlly oppofite to the place where a Ley- 
den phial, when charged, was to be fet down. Both of 
thefe, the ball and point, were connected to his difeharg- • 
ing rod by copper wire. He then took the phial, which 
held about a quart, and having charged it, fet it dowiii 
before the ball and point, took his difehafging rp^ and,; 

completed'; 
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vcompleted the circuit. After the explolion the diftaiices 
.were meafured, Jii the experiments which I faw the 
■phenomena w*ere as follows : in the firft, the diftance of 
sthe ball W'as of an inch, that of the point ||; in 
:the fecond, diftance of the ball - 14 ? of the point in 
ithe third, diftance of the ball ~4, of the point ■; in the 
.fourth, diftance of the ball of the point In ail 
sthefe experiments the point, though confiderably farther 
■off from the coating of the phial, was ftruck in pre- 
ference to -the ball. In a fifth experiment, when the 
point ftood at double the .diftance, the ball was ftruck, 
.and not the point. 

T.he refult of thefe experiments being fo W'idely dif- 
ferent from .the refult of that made by Mr. henly, is a 
clear proof that lie formed his conclufions too haftily, 
■having attributed to fliarpnefs and bluntiiefs a pheno- 
mienon caufed by the unequal refiftances of the cliains. 
As this experiment may be made with alraoft any ma- 
chine, thofe who do not chiife to repeat it will have no 
right to plead the want of a fufticient apparatus, and 
muft look out tor Ibme , other reafon to evade the force 
-■of it, ■ ■ ' 

I come now to coiifider more particularly the pratftkal 
.queftion, whether the ftiarp-pointed or the blunt con- 
, 4 u( 5 i:ors are moft proper to be affixed to buildings, as 

prefer vatives 
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prefervatives from lightning. And here it is necellary to 
obferve, that buildings may be expofed to a ftroke of 
lightning in feveral different ways. The lightning 
which, to avoid prolixity, I fhall only fpeak of as pofitive 
eledlricity : the lightning, I fay, may accumulate diredtly 
over the building; or it may be brought towards the 
building by a fmall cloud fetching it in feveral fucceflive 
trips from a large cloud at fome diftance; or a large elec- 
trified cloud may be carried rapidly towards it by the 
wind : a circumftance this by no means rare, there being 
no lefs than four inftances of it upon record in the Phil. 
Tranf. vol. xlix. p. 16. and p. 309. vol. lxi. p. 7a. 
and vol. lxiv. p. 351- In the firft of thefe fuppofed 
cafes a fharp-pointed condu( 5 tor might pofiibly drain the 
cloud of its lightning as faft as it began to accumulate, 
and thereby prevent any explofion whatever. In the 
fecond, as the cloud, by fuppolition,,not being driven in 
one diredtion by the wind, could not move with any re- 
markable velocity, it is reafonable to imagine, that in 
this cafe alfo there might be no explofion; and that the 
eledfricity of the larger cloud might be. gradually ex- 
haufted. But if, according to the third fuppofidon, a 
cloud of great extent and highly eletSlrified fliould be 
driven with great velocity in fuch a diredfion, fo as do 
pafs diredlly over the fharp-pointed condudfor, the|;e can 
Vol* LXVllI. S I 
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be 110 doubt but that fucha point, from its fuperior rca- 
■ dinefs to admit elecStricity, would take the cxplolion at a 
much greater diftance than a rounded end, and in pro- 
portion to the difference of that ftriking diffance would 
do mifchief infteatl of good. 

But perhaps it will be faid, that every ftrokc of ligln- 
ning falling upon a fliarp point is previoiilly diminifiied 
by that point, ancf therefore may more eafily be tranf- 
mitted through the condudtor, than when it falls undi- 
miniflied upon a rounded end. Upon this fuppofition I 
muff obferve, that it not only contradidls Mr. Wilson’s 
experiments at the Pantheon, but alfo Mr. Henli’s expe- 
:ment already referred to in this paper, v'hcre the fire 
flew to a very taper point, and melted the end with a 
flrong and loud explofion. So alfo the fliarp- jx>inted 
condudtors affixed in America to the lioufes of Mr. west, 
Mr. RAVEN, and Mr. mayne, do not feem to have dimi- 
niflied the force of the explofion, if wc may judge from 
the violence of its effeds as related at large in Dr. 
eRankltn’s works. It flioukl feem, therefore, that the 
power of diminifliing a ftroke, like that of preventing 
it, is only contingent, and depends, as we faid before, 
tipon the degree of velocity with which the lightning 
mioves. , : 
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The fum of the whole is, that condiiclors, terminated 
By fliarp 2)oints,, are fometimes adyantageons, and at 
other times prejudicial. Now as the imrpofe for which 
conductors are fixed upon buildings is, not to protect 
them from one particular fort of clouds only, but, if pof- 
fible, from all, it cannot furely be advifeable to ufe that 
kind of conductors^ wdiich. if they diminijOh danger on 
pne hand, will increafe it 013 the other. It is the duty of 
a jiilot to keep out of the way of rocks; but it is alfo in- 
cumbent upon him, in avoiding the rock, not to take fo 
large a.comi)afs as to run his fliip upon a quickfand. 

When I fay that iliarp-jrointed conductors may in> 
fome cafes dimiiiifli danger, I fpeak of them, perhaps,, 
rather too favourably:: for their i)ower of ftcaling away 
the eleCtric fluid being confined to cafes where the accu- 
mulation is fmall, it follows, that they only ©iterate where - 
their oj)eration is not wanted,. The cafes againft which 
we wifl'i princiimlly to provide,, are the explolions of ex- 
tenfive and highly electrified clouds;, and here we have 
feen, that blunted ends, as aCting to a much fmailer dif- 
tance, ate entitled to the preference. . 

If it be admitted,, that fliarp-pointed conductors are 
attended with any, the flighteft degree . qf danger, how 
much muft that danger be augmented by carrying therh ; 
i ;i ' 5... f) : : ' 'df igh • 
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high up into the air, by fixing them upon every angle of 
a building, and making them project in every diredlion? 
Ought this to be advifed while there is ftill a doubt of 
the pofiibility of their doing mifchief? And can the 
committee, therefore, be perfedlly jufiified for giving 
fuch a decided preference to the ufe of fiiarj) conductors, 
in defiance of numerous experiments, not one of which 
they have attempted to controvert ? 

I have now done with the report of the committee, 
and {hall next proceed to enquire whether, as fome gen- 
tlemen apprehend, the termination of conductors is a 
matter of indifference: but this I muft referve for the 
fubje< 5 t of a future paper. 


A P P E N D I X. 

I think it neceffary to apprize the reader, that the 
foregoing remarks were drawn up before Mr. nairne’s 
paper appeared, and are therefore to be confidered as re- 
lating only to his experiments. 
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I muft at the fame time obferve, that, in Jftating the 
different circumftances in which lightning may be col- 
leded fo as to affed a building, I have fuppofed a cafe 
which poffibly may never exift. I have faid, that lightning 
may accumulate diredly over a building, and admitted, 
that ill that cafe the cloud might be drained of it by a 
pointed condudor. Now we have no evidence, that the 
accumulation of lightning is confined to a iingle cloud, 
or fmall circumfcribed fpot in the heavens. On the con- 
trary, the numerous explofions, which in moft thunder 
ftorms happen nearly at one and the fame inftant, rather 
lead us to imagine that a great part of the horizon is at 
thofe times full of lightning, and therefore incapable of 
being drained. I would therefore wifli to have my fup- 
pofition underftood as a mere imaginary fuppofition, for 
the fake of rendering the argument more perfpicuous, 
and not as the admiffion of a real fad. 

Laftly, I beg leave to corred an expreffion I have ufed 
with refped to pointed condudors, that they only ope- 
rate where their operation is not wanted. Now this is 
not accurately true ; for if by operating upon a quantity 
of eledricity too fmall in itfelf to do mifchief, they pre- 
vent its growing to a great and dangerous quantity, this 
would, as far as it goes, be a very confiderable advantage, 

lougte 
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I ought therefore to have faid only,, that pointed cOn- 
duaors afford no proteaion where the danger is great 
and. imminent, and only obviate that which is diftant and 
problematical;, and that thefe laft are not the cafes agaiiih: 
which we principally wifh to provide.. 


March 1 8, 17.79* 
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XXX Vn. llxppiments on WecJrkiip, being an Attempt W 
pjezv the Advantage of elevated pomted Coftdutiors. By 
Mr. Edward Nairne, F. R. S. 

N. B, Tli!‘S paper Is iiiifplaccd through a mlftahc of the Secretary’s 5 'it iiiDuUI 
have been inferted before Dr. MObGi?.AvE’s, 

Read June i8 and 25, A D I F F E R E N C E of opinion pre- 
f vailed fome time ago and lias of 
late been revived, in regard to the termination of con^ 
-diiiftors for the prefervatioii of buildings from the effedfs 
“Of lightning. 

Some gentlemen think, that they llioiild not termi- 
nate in a point, but be blunted; and alfo that they 
fliould not exceed the higheft part of the buildings'"'''^; 
they likewife think, that to prevent lightning from 
doing mifehief to great works, high buildings, and 
large magazines, the fevcral buildings fliould remain 
as they are at top, that is, without having any metal 
above them, either pointed or not, by way of a con*. 
dudtor; but that on the inflde of the higheft part 
of fiich a building, and within a foot or two of the 
top, it may be jiroper to iEix a rounded bar of me- 

(a) Mr. Wilson’s new Experiments on the Nature and Ufe of 
tors, p. 7. ■ ' , ^ ' 

. tab 
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tal, and thence continue it down along the fide of the 

wall to any kind of moifture in the ground 

Others again are of a diredtly contrary opinion; 
thinking a condudlor fhould not only terminate in a 
point, but be confiderably elevated above the higheft: 
part of the building 

As it mofi: certainly would be of great confequence to 
mankind to know which is the mofi; eligible of thefe 
opinions, I have attempted, by what I could learn from 
the artificial lightning of our eledlrical machines, to de- 
termine which method is beft to fecure buildings from the 
effetfts of lightning : whether I have fucceeded I leave to 
the judgement of others to decide from the following 
experiments and obfervations, which are fubmitted with 
all due deference. 

In pi. XIII. fig. T. is a reprefentation of the elec- 
trical machine and the apparatus ufed in the following 
experiments. The diameter of the glafs cylinder a, fig, 
I. was eighteen inches; the length of the conductor b, 
which was of wood covered with tin-foil, was fix feet, 
and the diameter of it one foot. At the end of this con- 
ductor was ferewed a brafs ball c, of four inches and a 
half diameter. This conductor, when charged by the 

(b) Mr. Wilson’s Letter to the Marquis of rockinckajm, Phil. Tranf. 
Yol. LIV. p. 347. 

(c) Ibid. p. 303. 

glafs 
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glafs cylinder, being intended to reprefent a cloud 
charged with eledlricity or matter of lightning will, for 
diftiiidlion fake, be called the artificial cloud, in the fol- 
lowing experiments, d reprefents a brafs rod on a hand 
covered with tin-foil, having a good metallic communica- 
tion with the earth; at one end of this rod were fcrewed 
other rods, terminating with different fized balls, or a 
rod terminating with a point. This rod d was moveable 
in a focket, in order that it might be placed with its ter- 
mination at different diftances from the ball c at the end 
of the artificial cloud. As the terminations on this rod 
were to receive from our artificial. cloud the ftroke or 
fparks of our artificial lightning, it will be called the re- 
ceiving rod in the following experiment. The receiving- 
rod with its ftand was intended to reprefent a condu£tof 
to a houfe, on which dijfferent tei'minations might be 
placed. 

Before I relate the experiments it may be proper firft 
to premife, that eledric fire, drawn off gradually from 
an eledric cloud, was never known to do any mifchief» 
if the fubifance drawing it off had a good metallic com- 
munication with the moift earth; and that when any 
dama,ge is done, it is occafioned by a ftroke of lightning, 
or in other words the eledric fire of the charged cloud 
fuddenly difcharged through that body. 

; Vox.. LXVIlIr . SK ' ''.'"'xxpe- 
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EXPERIMENT I. 

I fcrewed a brafs ball, of four inches diameter, at the 
end of the rod n, then placed it nearly in conta6t with 
the ball c, at the end of the artificial cloud : on charging 
the artificial cloud, the eledlric fire ftriick from the ball 
c to the ball at the end of the rod, and continued ftriking 
all the while it was gradually removing to the di fiance of 
feventeen inches and four tenths, and fometimes on. to 
nineteen inches: I have had iirokes twenty inches in. 
length, but it has been very rare.. 

EXPERIMENT ll- 

The apparatus remaining as in the lafi experiment, I 
changed the ball of four inches diameter on the rod d, 
and in its place fcrewed a ball of one inch diameter, then 
I placed this very near to the ball c as before: on charg- 
ing the artificial cloud, the elecSlric fire now ft ruck to the 
ball attlie end of the rod r> of one inch diameter, and 
continued ftriking whilft it was gradually removing to the 
diftance of about two inches. It then gave over ftriking, 
and was fucceecled by a hiffing noife and a continued 
light on the one inch ball, whilft it was removing very 
gradually from the ball c, until the diftance between the 

^ two 
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two balls was about ten inches'; the luffing noife then 
ccafed, -and the light clifappeared on the inch ball. It 
now began to ftiike again, and continued ftriking to the 
inch ball all the time it was v, cry' gradual removed, till 
the (iiftaiice was about fourteen inciies eight tenths; and 
fometimes would continue to ftrike to fixtecn inches and 
three tenths. 

This ftriking to the ball ceafing, and then beginning 
again, when the artilicial clond is ftrongly charged, is a 
fa£t which I believe has not been taken notice of by any 
one before; I lhall have occafion to fpcak of it again in 
fome of the following experiments. 

E X P’E R I M E N T III. 

The apparatus remaining as in the laft experiment, X 
changed the ball of one inch diameter, and in its place 
ferewed one of three tenths of an inch diameter. This 
fmall ball was alfo placed nearly in contad with the 
ball c : on charging the artificial cloud, the eledtric fire 
ftruck to this ball of three tenths, and continued ftriking 
to it whilft it was very gradually removed to .the diftance 
of half an inch; beyond that, it would not ftrike to it. 
But the ball was luminous all the while it was removed 
beyond the ftriking diftance as far as thirty-three mches. 

S K a '■ EX PE» 
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EXPERIMENT IV. 

The apparatus remaining as in the laft experiment, 
I only changed the ball of three tenths, and in its place 
fcrewed a wire about three inches and a half long, ter- 
minating in a point: on charging the artificial cloud, I 
could not now get the eledlric fire to ftrike the point, 
though the point was almoft in contact with the ball c; 
but when it was about half a tenth of an inch diftant 
from it, then the eledtric fire ran in a very fmall ftream 
- to the point ; but beyond that diftance, though moved 
very gradually, it was only luminous, and continued fo at 
the point all the while it was gradually removing to the 
diftance of fix feet from the ball c, at the end of the arti- 
ficial cloud. 


EXPERIMENT V. 

The apparatus remaining as in the laft experiment, I 
changed the wire, and in its place fcrewed the ball of 
four inches diameter, ufed in the firft experiment, hav- 
ing now a fmall hole through it. I then put into this 
hole a wire, leaving the end, which terminated in a fine 
point, projeaing out only one tenth of an inch beyond 
the furface of the ball, and diiedly pointing to the ball c : 
4 
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on charging the artificial cloud, the ball with the point 
being firft placed nearly in contact with the hall c, it was 
then gradually removed; but not at any difiance would 
it ftrike to the ball, or the point proje6ting out of it. The 
point was luminous at the diftance of thirty inches. 

E X P E R I M E N T VI. 

Every thing remained the fame as in the laft experi- 
ment, except only that I now preffed in the point,, till it; 
was even with the furface of the four inch ball: on 
charging the artificial cloud, the eledtric fire did now 
jftrike to the ball at any diftance,. from, being nearly in 
contadl, all the while it was very gradually removed tO’ 
as far as feventeen. inches and a quarter, though before 
in the laft experiment,, where the point projected from, 
the ball only one tenth of an inch, it would not ftrike at 
any diftance. 


EXPERIMENT VII. 

The apparatus remaining as in the laft experiment, I: 
took a hall of three inches and a half in diameter, which' 
had a. fmaU hole through it, and ferewed it to a hollow 
brafs ftem. Then I put into this hole one end of a wire,., 
and the other end, which was pointed, proje<fted ,one inch; 

beyond! 
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beyond the furface of the three inch and half ball. This 
ball and ftem, with the pointed wire to it, 1 fixed to a 
ftand covered with tin-foil; having .a good metallic com- 
niiinication with .the earth, I placed this ftand fo that the 
point was direcSlly-oppofite tothe lide of the artificial cloud, 
and exadtly at five feet diftance from it : tlicn, on charg- 
ing the artificial cloud, the greateft ftrikiiig diftance from 
the ball c to the ball of four inches diameter, on the re- 
ceiving rod D, was found to be llxtecn inches and feveii 
tenths. 


■E X P E R .1 M E N T VIII. 

Every thing continued as in the laft experiment, only 
now I drew the wire out of the ball and ftem fo far that 
the point projeded nine inches beyond it : on charging 
the artificial cloud, the greateft ftriking diftance now was 
found to be but fix inches and eight tenths. 

Now, in order to fee how far a point, or different ft zed 
bails fixed on the ftand, and having a very finall fepara- 
tion ill the metallic cammunication with the earth, 
would vifibly a6t to carry oft' the eledtric fire of the arti- 
ficial cloud, I made the following experiment. 


E X E- 
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EXPERIMENT IX. 

I took a Hick of common fealing-wax, and having 
fixed a fcrew to each end, I pafted a flip of tin-foil the 
Mdiole length of the fiirface, and having made a repara- 
tion of the foil of about one fiftieth of an inch, I ferewedi 
the pointed wire into one end, and the other end of the 
wax to the brafs rod, where the ball with the point pro- 
jeiffing from it was placed in the laft experiment. I alfo 
removed the other ftancl with the ball, to which the ar- 
tificial cloud likewife flruck in the fame experiment; 
the artificial cloud, was then charged, and the ftand being 
placed in fuch a manner that the point was diredly op- 
poiite to iJie fide of the artificial cloud ; it was then re- 
moved till I found the, diftance at which the light be- 
tween, the reparation of the thirfoil no longer became 
vifible. This diftance of the point, on the wax was above 
feven feet, how much farther it might have been lumi- 
nous I had no opportunity of trying, this diftance being 
the fartheft I could remove it in my room, and under 
the difadvantage of having the end of the artificial, 
cloud within thirty-three inches of the edge of the wain- 
fcot. When a ball of three tenths of an inch was put in^ 
the place of the point, the-light was vifible at the dif- 
. . ■ ■ ' , tanco; 
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tance of four feet fix inches, but with a ball of three 
inches diameter only at two feet. 

experiment X. 

I took another ftick of fealing wax, one inch and 
three tenths diameter, and about ten inches long, and 
patted on it round pieces ot tin-foil ot half an inch in 
diameter, at about half an inch diftance from each other. 
One end of this ftick of wax was fcrewed to the receiv- 
ing rod D, fig. 2.; and into the other end was fcrewed 
the pointed wire ufed in the fourth expeiiment. I then 
laid a piece of brafs on this wax, fo as to coniieft all the 
reparations of the round pieces of tin-foil except two; 
then the point of this wire on the wax was placed nearly 
in contafl with the ball. On charging the artificial cloud 
the eledtric fire now ftruck to the point, and continued 
to ftrike to it all the while it was gradually removed to 
the diftance of one inch and one tenth: beyond that 
diftance it would not ftrike, but the point continued lu- 
minous till it was removed to the diftance of three feet, 

E X P E R I.M E N T XI. 

The apparatus reihaining as in the laft experiment, I 

only took away th^^ piece of Tbrafs which laid on fhe 

. • ' ■■ to. 
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to conne< 5 l the pieces of tin-foil together. The charged 
artificial cloud did not now ftrike to the point until it 
was removed from the ball c to the diftance of four 
inches and a half; it then began to ftrike to it, and con- 
tinued ftriking whilffc it was gradually removing fome- 
times to ten inches; but when the point was removed 
beyond the greateft ftriking diftance, the point was not 
luminous as in the laft experiment, except when tfie ar- 
tificial cloud difcharged its electric fire out into the air, in 
a diverging pencil from the ball c : then it was lumi- 
nous, but at that inftant only. Every time the artificial 
cloud ftruck to the point, the ele6tric fire made a beauti- 
ful appearance in palling off between the feparations of 
the pieces of tin-foil. I then conneciled all the tin-foil 
on the wax fo as to leave no reparation, then the charged 
artificial cloud would not ftrike to the point at any 
diftance. 


EXPERIMENT XII. 

I placed the rod n, with the four-inch ball at the end 
as in the firft experiment, this I put on a glafs pillar to 
infulate it; then from the rod I made a communication 
to the earth, with about three feet of lilver wire, which 
was only g^^th part of an inch diameter: on charging 
Vol.LXVIII. S L the 
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tbe artificial cloud, it ftruck to the ball d, as in the firft 
experiment, viz. feventeen inches four tenths. Now as 
the wire was fo fmall which conduced the ftroke, I 
thought I might be fenfible of its palTagc if I held the 
wire between my fingers ; I accordingly prelied my fin- 
gers together, with the wire between, but there was not 
the leaft fenfation; nor Ihould I have known it had 
j^afled my fingers if I had not feen or heard the ftroke 
from the artificial cloud to the ball with which the wire 
was connedted. I then tried if it was vifible in the dark, 
hut there was not the leaft appearance of light, except 
where there happeiied to be kehks in the wire. I was 
accidentally very fenfible of one of thofe fparks : for 
when I was trying the experiment in the dark, I hap- 
pened to get fo near as to receive the ftroke juft on my 
forehead; it made trie reel till I fell againft the wall. It 
may be proper to obferve in this experiment, that if the 
fingers are held at a little diftance from the wire, that a 
fmaU quantity of elecftric fire will ftrike out to them the 
fame as it does when condu6ted off by a larger quantity 
'of metal. 
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OBSERVATION 1. 

From the three firft experiments it appears, that our 
artificial cloud ftrikes at diftances greater as the termina- 
tion of the condudlor is more blunted, or as it terminates 
with the largeft ball ; and that the ftriking diftance is lefs 
as the end of the condLi6tor tends more to a point; and 
in the fourth experiment, that when the end of the con- 
du6tor is pointed, the point is not ftruck at any diftance 
whatever ; but continues luminous to a certain diftance, 
•carrying off filently the electricity of our artificial cloud. 

It feems from thefe experiments, that pointed con- 
ductors are to be preferred before thofe terminating with 
a large ball, the pointed one depriving the cloud filently 
of its electric fire; whereas the ball receives the eleCtric 
fire in a ftrong fpark. And in the fifth experiment, 
where a point projects but one tenth of an inch from a 
ball of four inches diameter, neither the ball, or point 
projecting from it, is ftruck at any diftance. This feems 
to ilhew 4 he utility of a pointed rod, even if it prpj«<^:s 
but a fmali diftance above the higheft part of a building. 

The fixthsexperiment-fliews, that a . point within the 
Curface of a ball does npt prevent the ball being iftruck. 
^he feventh and eighthexperimentsilik^wife lhew,;that 

5 h a, ' ' ■ ' out 
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our artificial cloud ftrikes to a ball of four inches diame- 
ter, only at the diftance of fix inches and eight tenths, 
when the point is drawn out nine indies from the three 
inch and a half ball, placed oppofite to the lide of the 
artificial cloud; and that when the xioint projects only 
one inch, that then it ftrikes to the four inch ball at fixr* 
teen inches and four tenths diftance. 

May one not from thefe two laft mentioned experi- 
ments conclude, that the more elevated our jiointed con- 
dudtors are, the greater is the chance of jireferving our 
buildings from the efiedts of lightning ? 

For here our x)oint being elevated or projedling nine 
inches out of the ball, rej^refenting the higheft part of a 
building, was found continually depriving our artificial 
cloud of its ele£tric fire to fuch a degree (though it was 
kept charging all the time) that it would not ftrike half 
the diftance that it did when the point was elevated only 
one inch. 

And from the ninth exjjeriment we learn, that the 
conduaor terminating in a point aefts at a far greater 
diftance than one terminating with a ball, in carrying off 
the eleftric fire, or matter of lightning from our artifi - 
cial cloud. It muft be further remarked, that though 
the point was luminous fo far, yet there was ho diftance 
whatever at which our artificial, cloud would ftrike to it. 

' ' ' • ' ■ ' ' .From 
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Fom the tenth and eleventh experiments we learn ^ 
that the metallic part of our conduAor being- fcparated 
or difcontiniied is the feafon that oiir artificial cloud does 
itrike to the point; and that it ftrikes further to the point 
as the number of the reparations are increafed; and that 
if the metallic communication -with the moift earth be 
'made compleat, that then our charged cloud will not 
ftrike to the point. 

When a conduftor to a building, terminating in a 
point, has been ftruck, I am inclined to think, that there 
had not been a compl'eat and fufiicient metallic commu- 
nication with moift earth; and from all the accounts I 
have met with, this feems to have been the caufe of their 
having been ftruck. From the twelfth experiment we 
learn, that a very fine wire will condudt a ftrong fpark. 

Fig. 3. reprefents a- moveable artificial cloud: it coii- 
fifts of a hollow tube of wood, with a ball at each end, 
being together about fix feet in length: from each end 
was fufpended a light hollow wooden cylinder ee; thefe 
with the balls and tube were covered with tin-foil: it 
was placed with its axis refting on two ferai-circular hol- 
lows in a piece- of brafs fixed on a glafs pillar, by which 
it was infulated : it moved very eafily on its axis, and was 
brought to a horizontal pofition by means of two move— 
, able pieces FF. 

E XB.E-" 
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experiment XIII. 

I firft put this moveable artificial cloud into an hori- 
zontal pofition, and placed it fo that the brafs on which 
the axis refted was in contaft with the end of the artifi- 
cial cloud B. Then, under each of the hollow cylinders 
EE, I placed a ftand gg, having a good metallic com- 
munication with the earth. On one of the ftands there 
was put a pointed wire, the fame as was ufed in the 
fourth experiment; and on the other, a brafs ball of 
three inches diameter. I then placed the point and ball 
each twelve inches from the middle of the bottom of its 
correfpondent hollow cylinder : on charging the artificial 
cloud (which confequently charged the moveable artifi- 
cial cloud in contact with it) tlie point was luminous, 
and the moveable artificial cloud fiill remained in an 
horizontal pofition, though there was now a point under 
one end and a ball under the other; and on ceafing to 
charge the two clouds, it was found dire< 5 l:ly after, that 
the point had drawn off almofl: all the electric fire fiom 
.both* 


m w ® 
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EXPERIMENT XIV. 

The two clouds being charged, I took away the ftand 
with the three inch ball on it, the point remained lumi- 
nous, and the moveable artificial cloud ftill continued 
horizontal, not being attracted to the point, though there 
\^as now only the ftand with the pointed wire under one 
end of it, the point having carried of the elcdric fire as 
in the laft experiment. 

EXPERIMENT XV. 

The two clouds being again charged, I replaced the 
ftand with the ball on it ; and now, inftead of taking away 
this ftand, as I did in the laft experiment, I took away 
the ftand with the pointed wire on it : the confequence 
was, that the end of the moveable artificial cloud was 
now attraded down to the ball till it came to its ftriking 
diftance, where it then difcharged its eledricity on it in a 
ftrong fpark (fee fig. 4,). The moveable artificial cloud 
then receded a little till it was charged, it then was at- 
traded by the ball as before, till it came to its ftriking 
diftance, when it again difcharged its eledricity at once, 
and fo continued ftriking and then receding to a little 
diftance as long as the two clouds were chaigied. , 
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EXPERIMENT XVI. 

The moveable artificial cloud continuing to flrike to 
the ball as in the laft experiment, I now replaced the 
ftand with the pointed wire on it, then immediately the 
point became luminous, and the moveable artificial cloud 
ceafed ftriking to the ball, and foon returned to its hori- 
zontal pofition as at firffc (fee fig. 3.). 

experiment XVII. 

The apparatus remaining as in the laft experiment, 
and the two clouds continuing to be charged, I took 
away the ftand with the point; then the moveable arti- 
ficial cloud was attracted down to the ball, and ftruck as 
before. I then placed the ftand with the point clofe to 
the ftand with the ball; on which the point became in- 
ftantly luminous, and immediately the moveable artifi- 
cial cloud gave over ftriking, foon returning from the 
ball and fettling nearly in an horizontal pofition. There 
the point carried off the eledtric fire as in the thirteenth 
and fourteenth experiments. 

OB S E R V A T I O N, 

From the thirteenth experiment, with the point under 
•one end of the moveable artificial cloud, and a three 

4 • . ' . ' ' . ^inch 
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■inch ball under the other end, it feems as if neither the 
ball or point attraiiied either end; or that they both, 
■equally attnufted, or repelled each end, as in either cafe 
the moveable artificial cloud vroiild remain horizontal. 

And ill the fourteenth experiment, in order to try 
whether the point would attract or repel the moveable 
artificial cloud, the ball was taken away, and only the 
point was left under one end, as now all the adlion of the 
point either to attradf or repel would be exerted on that 
end which was now over the point, and confequently 
that end lliould either be attraded down to it, or repelled 
from it : but from the experiment it appears, that the 
point drew off all the eleilricity filently, without either 
attradting or repelling the end of the moveable artificial 
cloud which was over it, as it continued horizontal all 
the time it was charged. 

The fifteenth experimentwas made to fee if the ball 
would either attract or repel the moveable artificial 
cloud, as in this experiment the ball only was under one 
end, and every thing elfe exa6l:ly the fame as when the 
point only was under. But here we find the eflfetSl of 
the ball very different from that of the point; for inftead 
of drawing off the electricity filently; as the point did, 
without attracting the end of the moveable artificial 
cloud; on the contrary, the moveable arrificial dofid' was 
' • VOL. LXVIIL ; , s M ; ■ attraded 
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attra6led down towards the ball, till it, came within its: 
ftriking diftance, where it diibliargod its ,elL'<5tric lire ail 
at once on. the ball with a .loud and ftrong ipark. 

And again, in the lixteenth experiment, where the. 
Hand with the point is replaced at the other end, M hilil 
the cloud is attrabied down to the ball, it inftaiitly pre-, 
vents its ftriking to the ball by caiTyiiig oiT the elcdiric. 
fire as fall as the. moveable artificial cloud receives it. 
from the artificial one. 

And from the fevente.en.th.c.x'pc,nmcDt-we. learn, that, 
when the ftand with the point is placed clofe to the ftand . 
with the ball, whilft the moveable artificial cloud is-, 
firiking to itj.tlie cloud even in this .cafe inftantly ceafes 
to ftfike to the ball, returning from it and foon fettling , 
nearly in an horizontal pofitio.n, 

'■ E X p e;.'R i-m k N'T xvin^'.' 

I took off the cylinders EE-from the ends of the move -- 
able artificial cloud (the height of my room not allowing 
them to be fufpencled in the following experiments); I 
then placed it, together with the glafs pillar whereby it. 
was infulated, upon another foot of fuch a height that 
v/hen the ball at one of the ends , was three inches above 
the ball c at the end of the artificial cloud, then the 

moveable 



Jtlvanic 7 ge of elevated pointed ConduSlors. ’843 
moveable artificial cloud was horizontal. I then placed 
the ftand with the point on it 'at the diftance of eighteen 
laches, and direiftly under the ball at the other ctkI (fee 
fig. 5.): on charging the artificial cloud, the point was 
luminous; and that end of the moveable artificial cloud 
which was three inches above the ball c Avns attrafted 
down to it, then receded from it about one inch, and 
then the artificial cloud -kept conftantly ftrlking to it, as 
long as it continued to be charged. On ceafing to charge 
the artificial cloud, it was found immediately after, that 
:the point had carried off almoft all the clcdlric fire. 

'EXPERIMENT XIX. 

Every thing remaining as in the lad experiment, and 
the artificial cloud being charged, I took away the ttand 
Tvith the point, and placed in its fiead the ffaiid with the 
three inch ball on it, exadtly at the fame diftance as 
the . point : then inftantly that end of the moveable arti- 
ficial cloud, which had continued ito be attradled down, 
near to the artificial cloud, was repelled from it, and at 
■the fame time the other end was attraited by the three 
inch ball till it came fo near as to difeharge its electricity 
on it ill a ftrong fpark. The end of the moveable arti- 
ficial cloud then receded from the three inch %all, 

' '.the 
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the other end being now attraiSled by the artificial cloudj, 
which charged it aimott iiiftantly again; it then receded 
with rapidity from ity and difeharged its cledliic fire on 
the ball as before, and thus continued in great motion 
receiving ftrong fparks from the artificial cloud, and dif- 
chargiiig them on the ball, reprefenting in miniature a 
ftorm of lightning where an eieftrical cloud itrikes into 
another cloud, and that difeharges itfclf on a building 
that is without a regular, condudtor, or one terminating 
■with a ball (fee fig. 6.). 

E, X. P E R I. M ENT XX.' 

While this ftorm of lightning in miniature continued^,. 
I removed the ftand with the three inch ball, and placed 
in its ftead the ftand terminating with the point; the 
point was immediately luminous, and in an inftant the 
artificial ftorm ceafed. 

The end of the moveable artificial cloud, next the 
charged artificial one, was now attra£led to it, as in the. 
eighteenth exi>eriment. 


, , E.X P l.R.l' M E N.T , XXI. 

The apparatus remaining as in the laft experiment, I 
unferewed the pointed wire from the ftand, and ferewed 

. ■ ■ , , " , , it 
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it into one end of a flick of wax of fix inches in length,- 
with eleven pieces of tin-foil flu ck on it at one fortieth 
part of an inch a funder; then I fere wed this wax with 
the point on the fland, and iflaced it fo that the point 
was diredtly, under the end of the moveable artificial 
cloud,, and at eighteen inches diflance as before: on 
charging the artificial cloud, the moveable artificial 
cloud was firft attracted, then repelled, and fo alternately 
as when the fland with the three inch ball was under ; 
but with this difference, , that inftead of ftriking in a 
flrong fpark, as it did to the three inch ball, it now 
ftruck with a very fmall fpark to the point, the point 
depriving the moveable cloud of moft of its eletSlricity as 
it approached it, which was very vifibly palling away her- - 
tween the reparations of the tin-foil. . 

EXPERIMENT XXII. - 

Every thing as in the laft experiment, a chain only 
being hung on the pointed wire, thereby compleating , 
the metallic communication with the earth. As loon as 
the chain was hung on, the moveable artificial cloud in- 
ftantly ceafed ftriking to the point, and the other end of ' 
it was then atcradled to the artificial cloud, , which then - 
kept conftantly ftriking to it; the moveabje ariificiali 

' clbudl 
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.cloud did not return to the point as it did before the 
.chain was hung on, as in the laft experiment, 

O B S E R V A r I O N. 

In the eighteenth experiment, where the moveiilile 
artificial cloud w'-as intended to reprefent a cloud in its 
natural lliate receiving eleftric fire from a chaiged cloud j 
%ve find, that the point deprived it of its ele<.d;ric fire which 
it received from the. charged one fo fail:, that the artificial 
cloud cohld keep conftantly ftriking to the other end, 
without repelling it from it ; but that in the nineteenth 
-experiment, when the ball was under the end of the 
moveable artificial cloud in the place of the point; theoy 
inffcead of the artificial cloud continuing to ftrike to the 
other end without repelling that end, it now fir 11 attradlcd 
and charged it with eledricity, or the matter of lightning ; 
then immediately repelled it, and being attradled liy the 
ball under the other end, it moved down with an ac- 
quired velocity, till it came within , its ftriking cliftance, 
difeharging then its eledlrkity on the bull with a loud 
iincl ftroiig fpark, and fo continued altcrnatcdy receiving 
and difeharging its fel€<5lnc fire on the ball. It being firft 
attradled, at which, time it received an additional quan- 
tfiy of ele<aricity, and then repelled till it had difeharged 

that 
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that additional quantity, is exadliy agreeable te) ajl tlie. 
known laws of elecitricity. . 

This experiment may poffibly thro-w fome light on- 
what we fometimes fee in nature, viz. one cloud con- 
tinuing to ftrike. towards the earth a coniiderable time ; , 
for.fbould a cloud in its natural ftate be fo lituated be- 
tween a charged, cloud and the earth, it may be firft at-- 
tradted and charged, and then repelled, and. if it fh Quid 
be repelled fo as to come within the. attradtmg-diftanc&of. 
any blunt body wdth a good or, partial condudlor, it would 
then continue to be attradted till it came within its ftrik-- 
ing diftance, and then difcharge. its lightning fuddenly - 
on it; .and if it was not repelled or, attradled beyond- the 
attradling diftance of the. charged cloitd, it. would again, 
be. attracted to it and charged, then repelled as before,., 
and fo may -continue receiving and difcharging the light- 
ning. till the charged clond is nearly exhaufted of its. 
eledricity or matter of lightning. 

But if a cloud, in its natural ftate, ihould be fo lituated. 
wfthjn the ftriking diftance of a charged cloud, and at 
■the fame time within the power of ,a gpod metallic con^ 
dtuftor terminating in a point; then from thefe exi)eri- 
ments it does appear, that the charged cloud would con-- 
tinue ftriking to the natural cloud, and that would agaimr 
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part with it iiieiitly, by means of the pointj witlioitt 
flxiking oil it till the chargeJ donti is nearly eshairPied. 

When we ibe a cloud ilTikini;; into another cioiid fede- 
ral times together, wc coijclielc iiovd dl tlic leiiown laws 
of eledricity, that the cloud wlvn/i.!, iiiii; received the 
ftroke mutt have difeharged part or tiic wiiole of what 


it received before it could receive another ilroke. 

Ill the twentieth experiment we fiinl, that thoiigli our 
moveable artificial cloud was in great motion, receiving 
and difeharging its electric fire on the ball, that, on 
taking away the ball, and putting the point in its place, 
the artificial ftorm immediately ceafed. 

In the twenty-firfi: experiment, where the point ivas 
on a Hick of wax, with reparations in the metallic com- 
munication with the earth, we find that, even in that 
iituation, the ftroke on the point was very ftnall to what 
it was on the ball with a good communication, great part 
of the ele6lric fire vifibly paffing off as the cloud ap- 
proached the point; and when the metallic communica- 
tion was made compleat by hanging on the chain, it then 
..ceafed ftriking to the point. 


E X P E- 
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.IS 1 V M E 1 M E N T 

The tube which I before called the movea.ble artificial 
cloud in the former experiments, from its moving veiy 
eafily on its axis, was, by means of two fcrews now fixed, 
immoveable, with the ball at one of its ends above the 
ball c at the end of the artificial cloud, at the height of 
three inches ; and underneath the ball, at the other end, 
was placed the Hand with the point, at the diftance alfo 
of three inches. The artificial cloud was then charged, 
and an eledtric fpark ftruck from the ball c at the end 
of it to the ball of the now fixed cloud above it, and at the 
fame inftant flruck from the ball at the other end to the 
point at three inches. 

EXPEP. IMENT XXIV. 

The tube ufed in the laft experiment (which I now 
again call the moveable artificial cloud from its being- 
made again to move freely on its axis) was placed exadlly 
in every refpedt as in the laft experiment; the only dif- 
ference was, that it could now move eafily on its axis, 
whereas in the laft experiment it was fixed immoveable 
at the diftances : on charging the artificial cloud, the 
moveable artificial cloud, inftead of receiving a fpark, 
Vox.. LXVIIL SN and 
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and difcbargitig it on the point, as in thelaft experiment, 
was now attradled clown to the artificial cloud there re- 
maining, not ftriking to the pefint, or returning to it fo 
long as the artificial cloud continued to be charged. 


OBSERVATION. 

h 

By the twenty-third experiment we fee, that if our 
cloud is fixed at a certain diftance between the arti- 
ficial cloud and the iwint, the fixed cloud, at the in- 
.ftant it receives the eledtric fpark, diredly difeharges it 
again on the point. But in the twenty-fourth experi- 
ment, where there is no other alteration than making the 
cloud moveable on its axis, the diftances being exadlly 
the fame, the end of the cloud then recedes from the 
point and will not firike to it. This twenty-fourth expe- 
riment is much moi'c agreeable to nature than the 
twenty-third, for clouds are not fixed but floating bodies. 

In order to fee the effed of rods terminating with 
balls of different fizes, or terminating with a point, mov- 
ing fwiftly under my artificial cloud, I made ufc of the 
following apparatus. 

In fig. 7. H is a hollow tube of wood covered with tin- 
foil, with a heavy weight faftened to one end of this 
tube; and at about three inches above the weight- was 
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an axis, it was then fufpended by this axis between two 
wooden pillars: in this wooden tube was a brafs rod, 
which w^as moveable, fo that a ball or point fixed on it 
could be raifed to the height required. 

• EXPERIMENT XXV. 

A ball of one inch and three tenths diameter was 
fixed to the under part of the artificial cloud at k, and 
then this apparatus was placed under it with a point, the 
fwinging rod was held down to the floor, as in fig. 8. 
and the point covered: then the artificial cloud was 
charged by a certain number of turns of the glafs cylin- 
der; the fwinging rod with the point was then let go, 
and i^afTed fwiftly and very near to the ball under the ar- 
tificial cloud at K. This was repeated feveral times,, re- 
moving the point lower each time till the greateft ilrik- 
ing diftance to the j^oiiit was found, which was generally 
one inch and fix tenths. 

EXPERIMENT XXVI. 

The point being removed, a ball of three tenths dia- 
meter was placed in its ftead and tried, as the point in 
the preceding experiment; the ftriking diftance was ge- 
nerally found to be two inches and one tenth. 

S N a ■■■EX? E- 
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EXPERIMENT XXVII. 

The three tenth ball being removed, another of one 
inch and three tenths was tried as in the two laft exi^eri- 
meiits, and the ftriking diftance was generally fifteen 
inches. 

But when the weather has been favourable for elec- 
trical experiments, I have feveral times had ftrokes to the 
point from its palling fwiftly, and as near as it could 
without touching the ball, till it was brought down to 
one inch and feven tenths, then the artificial cloud would 
ceafe ftriking to it till it was removed down to three 
inches and five tenths; it would then begin ftriking 
again, and continue ftriking to it all the while it W'as 
removing to the diftance of ten inches and three tenths. 

And when the three tenth ball was on in the jdace of 
the point, the artificial cloud would ftrike to it from its 
paffing fwiftly, and very near to the ball, and continue 
ftriking all the while it was removing to the diftance of 
two inches and nine tenths; then the artificial cloud 
ceafed ftriking to the ball till it was removed to three 
inches and feven tenths, and after that diftance con- 
tinued ftriking till it was removed down to ten inches 
and eight tenths. But when a hall of one inch and three 

tenths 
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tenths was nfed, the artificial cloud has firiick, as it 
paired fwiftiy, very near to the ball on it, and all the time 
it was removed down to lixteen inches, there being no 
diftaiice with this one inch: and three tenth ball at 
which the artificial cloud left off ftriking, and then be- 
gan again ; but here with the point and three tenth ball 
there were two firiking diftances, as was before men- 
tioned in the fecond experiment. 

This remarkable phenomenon in eledliicity is, I be- 
lieve, new to eledtricians, and may be worthy their con- 
lideration. 


OBSERVATION. 

In the twenty-fifth experiment it appears, that the 
point is ftruck by means of a fwift motion ; and from the 
tv/enty-fixth experiment, that the ball of three tenths 
was ftruck further than the point; and the ball of one 
inch and three tenths, in the twenty-feveiith experiment, 
at a much greater diftance than either, even with the 
fwift motion. 

Fi'om thefe experiments I fliould be induced, firft, to 
prefer elevated pointed condndlors ; next to them thofo 
that are pointed, though they projedt but a little diftance 
above the higheft part of the building ; and after them 

thofe 
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thofe terminating in a ball, and placed even with the 
higbeft part of a building, though it does appear from 
thefe experiments, that they are more liable to be ftruck, 
and likewife have not the property of guarding the dif- 
tant parts of a building as elevated i>oints have; but if 
they have a good metallic communication with the earth, 
the building might not be hurt, though the liglitniiig 
Ihouldftrike on the condutSlor; yet, I believe, there are not 
many who would not fliudder at the tremendous blow, 
if they were in a houfe when tiic condudfor was ftruck. 
I'hofe condudlors which are recommended to be within 
the infide of a building, and one or two feet below the 
higheft part'"'^^, are certainly very dangerous, efpecially 
for all that part of the building above the condudtor. 

I was a witnefs of the dreadful effedts of a ftroke of 
lightning on a houfe that had an accidental x>artial con- 
dndlor within the iiillde of the upper part of the houfe. 

It happened to a houfe near Ratcliff Higiiway, on the 
a 9th of July, 1775. In the uppcrnioll room ftood a 
large iron triblct,of about three feet in height; the light- 
ning made its way through the roof of the houfe, throw- 
ing oft' a number of tiles,* rending and tearing the laths 
and plafter on the infide, to get to the triblet, on which 
it ftruck from thence to a hammer, which laid on the 

(d) Mr. Wilson’s Letter to die Marejuis of kockingham, Phil. Tranf. 
voL LIV, p. 347. 
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floor near it : it then made its way, by partial condu£i:ors, 
down into the cellar to the leaden pipe, which conveyed 
water from the main, and in its way rent the hoiife in 
various parts, lb as to make it fcarcely habitable. It left 
marks of fulion on different metallic utenfils, feme of 
which I have now in my poffeffioii. If the condiidlor 
from the triblet had happened to have been made by a 
compleat and fufiicient metallic communication with the 
earth, all parts of the hoiife below would have been pre- 
ferved; but the parts al)ove would have been equally 
rent and dellroyed. 

I now beg leave to make a few remarks on Mr. Wil- 
son’s paper, intitled, New Experiments and Obiervations' 
on the Nature and Ufe of Gonduffors. In p. 2. Mr. Wil- 
son mentions, that he had declared his diffent in the 
year 1773 againft pointed cbndiiffors: I will here copy 
part of his difleht as it is in Phil. Tranf. voL lxiii. p. 
48. His words are, ‘‘ Every point, as fuch, I confider as 
foliciting the lightning, and by that means not only 
contributing to increafe the quantity of every aftual 
difeharge, but allb frequently occalioiiing a difeharge 
« where it might not otherwife have happened. Whereas, , 
if inftead of pointecl we make ufe of blunted conduc- 
tors, thofe will as effedtually anfwer the pnrpofe of 
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conveying away the lightning fafely, without that teii- 
“ dency to increafe or invite it.” 

la aiifwer to this I can only fay, that,, ib^rritheil; exjjo- 
jiaients of mine, the dircntl contrary a](|jc'ar3 to Ijc the 
fatSt; that the point, iuilcad of increallar*' aii adlnal dif- 
charge, prevents a difeharge where it otheinufc 
happen; and that the blimted coiiducd:ors tend to invite 
the clouds charged with lightning. 

The eleven firft experiments of Mr. Wilson’s are in- 
tended to Ihew, that pointed conductors draw off the 
electricity from a cloud at a much greater diitance than 
thofe which are blunted. My ninth experiment proves 
the truth of thofe experiments of his; the only difference 
is, that in mine the point aCted on my artiilcial cloud at 
a much greater diitance; from which it appears, to life 
his own words, p. 4. that a charged body is exhaufted 
“ of more of the fluid by a pointed than l)y a liinnted 
condu6tor.” In anfwer to his twelfth experiment, and 
on to the eighteenth, where the model of the hoiife 
moved fwiftly, under his large artiilcial cloiul, and where 
the point was ftruck at live inches, and ibmetimes at a 
quarter of an inch further than his tlircc tenth balff"-''; 
I muff obferve, that I have fpmetimes feen his apparatus 
at the Pantheon, with which he made his experiments, 

(e.) Page 8.* 


ftrike 
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ftrike as far to the three tenth ball as the point; but in 
my experiments I have had it ftrike ten inches three 
tenths to a point, and ten inches and eight tenths to a 
three tenth ball; but to a one inch and three tenths ball 
it commonly ftruck to fifteen inches, and fometimes to 
fixtecn inches. In anfwer to the eighteenth and following- 
experiments I miift obferve, that the fabilitLite being- 
fixed is unnatural; for clouds are corapofed of a fluid 
matter, moving with the ntmoft facility in another fluid 
fubitance; and from my twenty- third experiment, where 
the fubftitute was fixed, the point was ftruck; yet in the 
twenty-fourth experiment, where there was no other 
alteration than allowing the cloud to move freely, then 
the point was not ftruck. I imagine, if Mr. Wilson’s 
large artificial cloud at the Pantheon, which v/as 155 
feet long and 16 in diameteiy had been properly infu- 
latecl, and there had been feveral cylinders properly 
mounted to have charged it, he would have found the 
ftriking diftance, and every other of his experiments, 
very difterent from wdiat he did, particularly thofc where 
his fubftitute was fixed about one inch and a half from 
his large artificial cloud. 

My reafons for thus thinking arc, that when 1 placed' 
a fubftitute of exactly the fame diraenfions in every re- 
fpeffc as his, and placed it alfo about one inch and a h;llf 

Vgl. LXVill. S O • from 
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from my artificial cloud, that then the longeft fpark that 
I could get to a point was one inch and one tenth ; but 
to a three tenth ball it ftruck eight inches and feven 
tenths: and what further confirmed me in my opinion 
was, that when 1 placed a brafs cone,, half an inch at the 
bafe and two inches high, on ray artificial cloud, to carry 
off part of its elesSlricity, in order to prevent its being 
charged fo high, every thing elfe beingthe fame, thatthen 
I could get a ftroke to the point one inch and one tenth as 
before, andfometimes not longer to a three tenth ball; 
but to a one inch and three tenth ball the clittance was 
lefs, being not. more than half an inch. But when I 
made no other difference than taking off the cone from 
the artificial cloud, it then llruck to the point as before, 
viz, one inch and one tenth, and to the three tenth ball 
eight inches and feven tenths; but to the one inch and 
three tenth ball nine inches and one tenth, infioad of 
only half an inch, as it did when the cone was on, and 
of confequcnce the conclii<5tor not fo highly charged. If 
the fubftitute was placed in contact with the artificial 
cloud, then there was no diftance at which it would 
ftrike to the point, but only to the balls, as Mr. wilson 
obferves was the cafe with his apparatus. His words are, 
|5. 1 1 . “ So that bringing the two fubftitutes into con- 
ta<5l occafions the fimie phenomena that the great cy- 
t ** linden. 
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Under did alone; that is, the rounded end would caufe 
“ an explolion at a confiderable diftance, and the point 
little or none, notwithJftanding it was brought dofe to 
“ the fubftitnte.” 

I muft beg to intrude a little more on your time to 
remark on that part of Mr. Wilson’s paper, where from 
his experiments he feems to conclude, that the lightning' 
at Purfleet firft ftruck on the point of the rod of the 
conductor, and then, by a lateral part of that ilroke, 
llruck the cramp on the coping Hone. I believe, if he 
had examined the fituation of the Hone, and the place 
where the cramp was ftruck, he would have found, that 
if the lightning had ftruck on the point of the conduc- 
^ tor, that to have produced that effedl on the ftone, it 
muft after it had ftruck on the point, and paffed down a 
quantity of metal, have ftruck from the metal up into the 
air, then down again on the cramp, arid then again to 
the metal it had left, for the fraall dent or hollow made 
by the lightning was on the upper furfacc of the ftonCj 
and yet the metallic communication to the earth conti- 
nued from the point under the ftone which was ftruck. 
It appears more probable to me, from the trifling damage 
it did, that the charged cloud had paffed over the pointed 
conductor, and had been exhaufted of a great part of 
its eledlricity in pafling; and that after it had paffed, 

■ 50 a' , , , , ' 'it 
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it was attrafted down lower by a ridge of hills that was 
beyond, and that the cloud being out of the influence of 
the point to prevent its ftriking, tlie end of the cloud 
might ftrike at an angle in the cramp, and fo to the me- 
tallic part of the conductor, which, w'as only about feven 
inches below. 

I fliall conclude with obferving, that Mr. henly aiid 
myfelf had the pointed rod of the condiuflor at Fiirflcet 
taken down to examine the point; hut wc found no ap- 
pearance on it that fliewed that, it had been ftruck. 
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XXX vni. Oh the Ufe of an Amalgam of Zinc, for the 
Ptirpofe of ele&rical Excitation, &:c. By Bryant Hig- 
gins, D. in a Letter to Richard Brocklefby, M. Z>. 
K R, S. 


TO D R. B R O C K L E S B Y. 


DEAR SIR, 


Cnc(k Street', Solio„ 
May S, 2778. 


Read July 4 , '13 Y divcfs experiments lately made by 
J_3 3^-Qfl repeated by others, I find 

that, agreeable to the fuggefdoii made in my laft coiirfe 
of chemiftry, the amalgam of zinc, which contains four 
times more quickfilver than zinc, is much better for 
electrical excitation than the tin amalgam of the inge- 
nious Mr. CANTON, when ufed in the fame circum- 
ftances, 

I alfo find, that eleCtrical cylinders are eafily and ef- 
fectually cleanfed by applying to them a piece of the 
dry Ikin of the dog-filla whilfi the cylinders are turned 
3 round; 
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round; and that this method of deanfing the giafs 
cylinders, we avoid the inconvenience of removing the 
cnlhion, and the danger of fcratcliing the giafs, to both 
which we are expofed in the nfe of wliiting and other 
deanfing powders. 

I am, fee. 
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XXXIX. Chemical Experiments and Obfervatkns Of} Lead 
Ore. By Richard Watfon, X>. D. F. R. S. in a Letter 
to Sir John Pringle, Bart. P.R.S. 


TO SIR JOHN BRINGLE, BART. B. R. S.- 


S I Rj 


Cambridge, 
June 13, j77-y. 


Read July 9, r i 'I jjE following experiments and obferva- 
tions, it is apprehended, will not be 
thought iininterefting by perfons verfed in chemiftry. 
May I beg the favour of you to communicate them to' 
the Royal Society? 


l am, See.- 


LEAD ORE, as dug out of the mine, is generally 
much mixed with fpar, lirae-ftone, and other fubftances,, 
bulk for bulk, heavier than the ore itfelf. It undergoes- 
various drelEngs before it becomes a merchantable com- 
modity, the general tendency of which is to free it, as 
much as poffible, from every heterogeneous impurity. 

Supppfe 
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Suppofe that a ciilhc foot of lead ore, which contained 
no foar or other extraneous matter, would wch'liyBoo 
ounces, and that a cubic foot of ipar, wliieh contained no 
lead .ore or other foreign fubilancc, woiikl weigh 2700 
ounces, then would a mixture, conliiling of a cubic toot 
of pure lead ore and a cubic foot of pure ffvar, rveigh 
10500 ounces, and one cubic foot of Inch a mi.xtv.rc 
would \reigli 5 150 ounces. It is obvious that, accordmp- 


c3 


to the diderent proportions in which the particular kinds 
of fpar and lead ore here aiiLuneu arc iiippoted to oc 
mixed together, a cubic loot of the mixtuic \t id iuivc 
diftereut weights, the limits of which are on t!ic one 
hand 7800, and on the other 2700 ounces; it never can 
weigh fo little as 3700 ounces, for then it woiud co'\f,jd; 
intirely of fpar without any lead ore; nor can it ever 
weigh fo much as 7800 ounces, for then it would coiw 
fill intirely of lead ore without any f})ar. 

From this view of the matter it is evident, that tlie 


purchafmg of lead ore by thenieafurc, which is tlie gc- 
iieihl thougll not the uiiive^^ in Derbyllurc, is 

a mode liable to fome exception ; fince a dilb, containing 
any definite nie'afiife, mult have diflercnt weights, ac- 
cording as the ore With which it is filled is raorc or lefs 
free f>om fpar » , And it is fearce poflible, by repeated 
T,' , . ■ dreflings, 
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drefnngs, to feparate all the foar from an ore, or ecftral 
portions of it from equal portions of ore. 

There is a diveriit?, however, in the wcis'lits of ccua! 
meaiiires of lead ore, which probably does not ariJe from 
fparry or other heterogeneous accretions, but from tbc 
nature of the ore itfelf. I have carefully taken tlic fpe- 
cific gravities of many of the Dcrbyfliire lead ores ; the 


vreiglit of a cubic foot of the lightefl: w’hich I met with 
was 7051 ounces, and the weight of a cubic foot of the 
iieavieil was 7786 ounces; the difference amounting to 
between a ninth and a tenth part of the w^eight of the 
ligliteft. There are probably other ores of lead which 
differ more in their fpecific gravities than tliefe here 
mentioned; but the difference between thefe is fiijSicient 
to fhew the great uncertainty of purchaling lead ore by 
the meafure, fince ten diflies of one fort of ore may not 
weigh more than nine diflies of another fort, though 
both the forts be equally well dreffed. 

Lead ore is not always of the lame goodnefs in the 
fame mine, nor even in the fame part of the fame mine; 
and, what is more remarkable, the different parts of the 
litthe lump of ore have different fpecific gravities. I could 
not ealily have believed this, unlefs a .variety of experi- 
ments had convinced me of the fadt. 

Vol.LXVIII. S P 
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They were employed this year at Holywell in fmelt- 
ing a lead ore from the Ifle of Man ; the ore was rich in 
filver. A lump of this ore, weighing about ten ounces, 
was broken into feveral pieces, and fuch of the j^ieces 
were fele6ted as appeared to the eye to be wholly pure. 
By taking the fpecific gravities of fix of thefe pieces I 
found, that a cubic foot of the lighteft kind would have 
weighed 6565 ounces, and a cubic foot of the heavieft 
kind ^vould have weighed 7636 ounces. Suppofing the 
fpecific gravity of water to be denoted by 1,000, the 
mean fpecific gravity of the fix different pieces of this 
ore may be expreffed by 7 . 1 1 5 . 

A very pure fpecimen of teflellated lead ore, from a 
mine near Afhover in Derbyfliire, was broken into fix 
pieces, weighing near one ounce each. A cubic foot of 
the lighteft of thefe pieces would have weighed 7326 
ounces, and a cubic foot of the heavieft would have 
weighed 7786 ounces. The mean fpecific gravity of the 
fix pieces was 7.566. 

At the fame mine they frequently meet with fmall 
quantities of fteel-grained lead ore. Six different pieces 
of the fame lump of this kind of ore were chofen, each 
of which appeared quite free from fpar and every other 
impurity. A cubic foot of the lighteft of thefe pieces 
would have weighed 7188 ounces, and a cubic foot of 
^ the: 
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.the heavieft would have weighed 7442 ounces. The 
mean fpecific gravity of the fix pieces was 7.342. 

Other lumps of ore, from different mines, were re- 
fpeitively broken into different pieces, and fcarcely any 
two pieces of the fame lump were obferved to agree in 
their fpecific gravities. This diverfity in the fpecific gra- 
vities of the feveral pieces of the fame lump of ore may 
be- owing, either to the different proportions in which 
the conftituent parts of the ore are combined in the fe- 
veral pieces ; or to the different quantities of extraneous 
fubftances imperceptibly mixed with them, or, which 
feems moft probable, to a diverfity in the fize or configu- 
ration of thefe pores. 

But be the caufe of the diverfity in the fpecific gravi- 
ties of different pieces of the fame lump of ore what it 
may, the faft, I believe, is certain, and by no means An- 
gular ; for not to mention the varieties obfervable in the 
fpecific gravities of different pieces of roll brimftone, of 
corrofive fublimate, of caff fteel, and other faditious fub- 
ftances, the natural fi^ars generally found along with 
lead ore are fubjed to a fimilar diverfity, though not 
perhaps in an equal degree. 

A piece of rhomboidal, otherways called refrading or 
lantern fpar, was broken into four fmaller pieces, the Ipe- 
cific gravities of which were a. 675, 2.687, 2.715, 

5 P 2 , 2.723; 
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2 ? • the mecliuni of the four is 2.700. Mr. cotes 
fixes the fpccilio gravity of Iceland cry dal at 2.7 20, raid 
WALL E R i u s fixes it at 2.700. 


The fpecific gravities of four jdeccs of the ilinic lump 


of cubical fpar were 3.204, 3.218, 
medium of the four is 3.219. 


n n o o 

■~y m ^ 


2.2 2 1 ; the 


Six ounces of fine tefreliated lead ore were put into a 
crucible and espofed, at lirft, to a gentle, afterwards to a 
ftrong fire: the ore grew red, and emitted fumes wl'nch 
fmelled.of fulpliur; at length it melted, and the fames, 


became very copious; they were accompanied with a 
yeliowilh flame upon the furface of the melted ore, and 
when- colleaed bad a whitifli appearance. The. crucible, 
after the ore had continued a full hour in perfedt fiifion 
was taken from the fire, and when it was cold it was . 
broken. The mafs which it contained weighed five 
ounces and an half; there were no fcoria obfervahle on 
its furface, nor were any particles of metal formed, it 
was ftiil an ore of lead. 

The mafs remaining from the laft experiment was put 
into a frefli crucible, and expofed to a firong melting 
heat; the fumes which arofe from it feeraed to be 
heavy; they brooded over the furface of the melted mafs 
in undulating flames, which now and then appeared like 
burning zinc. The lead was now formed, and many 

particles 
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particles of it were fubiirned to at Icall fiX indies ab-ovc 
the furface ^ of the -liquid in the crucible. : After Ica'ing 
the cfucible coadiiue-two hours in, this flute, I poured 
out its contents, and found them coniilling parily of 
lead,, partly of lead ore, and partly of a very minute por- 
tion of brownifh fcork. , , . , 


Thefe experiments' prove, that feme- fubftaiice or 
other is contained in lead ore, which miift be dirperfed 
before the ore can be formed into lead ; and they fliew 
too, that it requires a coniiderable time to effect the- dif- 
perllon of this fubitance, fnice fix ounces of ore, thougdi 
kept three hours or more in complete fufion, were not 
wholly brought into the form of lead; and, lafdy, they 
render it probable, that the, fumes, arifing from melted 
ore, carry off with them no incoiifiderable portion of the 
lead itfelf. At the great fmelting houfes in Derbyfliire, 
they put a ton of ore at a time into the furnace, and work 
it off in eight hours; the ore might be wholly melted in 
one • hour, but the lead; perhaps is not formed, in the 
greateft poffible quantity in eight hoursi. • < 

Some fine teffelated lead ore from Derbylhire was 
pou : ded into fmall lumps, each about the fize pf a pea, 
and carefully picked from fpar and -other irapuvitiesi 
Sixteen ounces of this ore, thus previpully cleanfed, were, 
diftilled in an earthen retort ;, as foon. at die ore . iek the 
■ , , ' ' ' firej.. 
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fire, the ftopple of the quilled receiver had a firong fmell 
refembling that of the inflammable air feparable from 
fome metals by folution in acids; foon after a fmall por- 
tion of a liquid came over into the receiver; the fire was 
then raifed till the retort was of a white heat, when a 
black, matter began to be fublimed into the neck of the 
retort; the operation was then difcontinued. This expe- 
riment was undertaken with a view of feeing whether 
fulphur could be feparated from lead ore, as it may be 
from fome fpecies of the pyrites, by diftillation, aud it 
appears from the ifiue of the experiment that it cannot. 
What might have been the event of the experiment if .k 
had been conduaed with a very gentle heat for a lo.ng 
time, r cannot pretend to fay. Upon breaking the retort 
I found, that the ore had been melted during the opera- 
tion, for there was a confiiteilt cake ot ore of the figure 
of the bottom of the retort ; the weight of this cake was 
fifteen ounces and an half, the weight of the liquid in 
the receiver^ and of the black matter which had been 
fublimed, did not together amount to one quarter of an 
ounce, fo that a quarter of an ounce or more had been 
difperfed, probably in the form of air, or fome claftic 
fluid. The ore by this procefs had loft one thirty d er.ond 
part of its cyeight; but I am of opinion, that if the ope- 
ration had been condudted with alefs degree of heat and 
' ■ ■■ . , contiiiiied 
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continued for a longer time, tlie quantity of liquid would 
liave been augmented. The liquid did not effervcfce 
with either acids or alkalies; nor did it produce any 
change in the colour of blue paper, though I am certain, 
from experiment, that one drop of oil of vitriol, though 
diluted with two ounces of water, would have produced a 
fenlible rednefs on the blue paper which I ufed. The 
liquid, notwithftanding, had an acid tafte, and a pungent 
fmell, refembling that of the volatile vitriolic acid. . The 
experiment ought to be repeated with a larger quantity 
of ore, in order to. afcertain the quantity and quality of 
tlie liquid, feparable therefrom by fimple diftillation. 
The black matter, which had been fublimed into the 
neck of the retort, was examined with amicrofcope, and: 
it appeared to be pure lead ore ; hence it is probable, that 
by. a due degree of heat in clofe veffels, lead ore might 
be intirely fublimed without, being decompofed ; for the • 
melted. ore which was found at the bottom of the retort,,, 
had not any appearance of either fcoria, or of lead, upon, 
its furface. Finding that fulphur could not be feparated ; 
from lead ore. by diftilling it without addition, and y et being , 
much difpofed to think, that it contained a confiderable, 
portion of fulphur, I firft thought of diftilling it with , 
charcoal duft, iron filings, fand, and other additions ; .but: 
iccoiledling that fulphur might be feparated -from anti-r- 
" ' ■■ ■■ monj- 
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moTiY by foliitioiis in 


tliougbt 


ir not improbablcj 


that it ' iiiiglit be feparahxl from Icai ore 
means, ’ami the iiiccefs" of tiic fcillovving 


I'jy th,e lame 
experiment 


abundantly juftified the coiric6lure« 


Upon ten oiuiccs of lead ore, tieaiifed as in the pre- 
ceding experiment, I poured five ounces of tlic llrongcft 
fuming fpirit of nitre; this itrong acid not feeming to 
adt upon the ore, 1 diluted it' with live ounces of water; 


a violent ebiillition, accompanied with red fmiics, imme- 
diately took xd^ce; the I'olution of the ere in lids nicn- 


ftruum became manifeft, and when it tvas hniHicd, there 
remained lloating uxdoii the lurface of the menftnium a 
cake of fine yellow fulphnr, jicrfedlly refernbling com- 


mon fulphiir. 

I repeated this exiieriment a great many times, in or- 
der to afeertain the quantity of fulphiir contained in lead 
ore, and feparable therefrom by folution in acid of nitre. 
The refiilts of different experiments were fcldora tlie 
fame:, the matter fcpaiuble from the ore by folution, 
after being rexreatedly waffled in large quantities of hot 
water, in order to free it from every faline admixture, 
fometimes araouhted to more, fometimes to Icfs than 
one-third the lyeight of tho ore. This matter may, for 
the fake of diftindlion, be called crude fulphur. Its ap- 
parent purity might induce a belief that it contained no 

' ' ' betero'- 
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heterogeneous mixture, yet the following experiments 
fhew how much we llioulcl be deceived in forming fucii 
a conje6ture, and how rightly it is denominated crude 
fulphur. 

From one hundred and twenty parts, by weight, of 
lead ore, I obtained, by folution in acid of nitre, fubfe- 
quent walhing in hot water, and drying by a gentle fire, 
forty parts of a fubftance which looked like fulphur : 
thefe forty parts w^ere put on a red-hot iron, the fulphur 
Was made manifeft by a blue flame and pungent fmell. 
When the flame went out, there remained upon the iron 
unconfumed twenty-fix parts of a greyifh calx; the 
weight of the fulphur which was confumed mufl there- 
fore have amounted to fourteen parts, or between one 
eighth and one ninth part of the weight of the ore. It 
has been obferved, that the weight of the matter, fepara- 
ble from lead ore by folution in acid of nitre, fometimes 
exceeded, and fometimes fell lliort of, one third part of 
the weight of the ore ; this variety, as far as I have been 
able to oblerve, does not extend to the quantity of ful- 
phur contained in a given quantity of ore, but depends 
upon the quantity of calx remaining after the burning of 
the fulphur. . Different lead ores will, doubtlefs, contain 
different quantities of fulphur ; but that the fulphur con- 
tained in the lead ore which I examined conftitutes be- 
tween one eighth and one ninth part of the weight of 
Vol.LXVIII. * 5 Q the 
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tlie ore, is a condufion upon which, from a variety of 

experiments, I am difpofed to rdy. 

There are annually fmeltecl in Derbyiliire about ten 
thoufand tons of lead ore ; now if means could be in- 
vented (which I think very poffible) of favirig the ful- 
phur contained in ten thoufand tons of ore, buppofuig 
that the ore fhould only yield one tenth of its weight of 
fulphur, though it unqueftionably contains more, Der- 
hyfhire alone would furnifh annually one thoufand tons 
of fulphur, the value of which would annually be about 
fifteen thoufand pounds.^ ^ I mention this circumftance 
thus publicly, in hopes that the lead finelters may be in- 
duced to profecute the objed. If the fulphur contained 
in lead ore could be colleded, it would not only be a lu- 
crative buiinefs to the fmelters, hut a great faving to the 
nation. We at prefenf import the fulphur we ufe, and the 
confumption of this commodity is exceeding great, in the 
making of gunpowder, in forming the mixture for covei'- 
ing the bottom and Jfides of fliips, and in a great variety of 
arts. The fmelters need not be apprehenlivc left the qua- 
lity of the ore fhould be injured by extra(5tingthe lulphur. 
Eighteen hundred weight of ore, from which the ful- 
phur has been extracted, will ctoinly yield as much lead 
as: twenty hundred weight of ore, from which the fulphur 
has not been extracted, and it will probably yield more. 

' ■ . . .. , Arfenic 
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Arfenic is extraiiled from a particular ore in Saxony, by 
roafting the ore in a furnace-, which has a long horizon- 
tal chimney; the chimney is large, has many windings 
and angles, that the arfenical vapour which arifes from 
the ore may be the more eafily coiidenfed: the arfenic 
attaches itfelf like foot to the f des of the chimney, and is 
from time to time fwept out. It is very probable, that by 
fome fuch contrivance the fuiphiir contained in lead ore 
might be colledted. The fmelters call every thing fui- 
phiir which is volatilized during the roafting or fluxing 
of an ore; but none of thofe with whom I have con- 
verfed had any notion that common fiilphur could be fe- 
parated from lead ore. 

The greyifli calx which remained upon the iron after 
the fulphur was confumed, ivas put upon a piece of lighted 
charcoal ; the .heat of the charcoal being quickened by 
blowing upon it, a great number of globules of lead were 
formed upon its furftice. From hence it appears, that 
this calx is not an unmetallic earth contained in the ore, 
which the acid of nitre could not diflblve; but a calx of 
lead, probably produced by the violent adtioii of the acid, 
and which, by the addition of phlogifton, may be exhi- 
bited in its metallic form. The quantity of this calx de- 
pends much upon the adlion of the acid upon the ore; 
if that adlion is violent, the calx is in greater abundance 

S Q 2 than 



876 T>r. WATSON’S Experiments and 

than if it be moderate ; and I am not certain whether the 
experiment might not be fo managed, that there would 
be little or no calx remaining ; that is, a given quantity 
of ore might be fo dilTolved in the acid of nitre, that 
nothing would remain undiflblved except the fulphur. 
But I have not yet perfe<Stly fatisfied myfclf as to the 
conftituent parts of lead ore. I am certain that it con- 
tains lead and fulphur, a liquid and air : of the exiftence 
of the three firft there can be no doubt, from what has 
been faid, and the air is rendered beautifully apparent 
by the following experiment. 

Let fome lead ore be reduced into a fine powder, luit 
it into a narrow-bottomed ale glafs, fill the glafs three 
parts with water, drop into the water a portion of the 
ftrong acid of nitre, you may judge of tlie requifite 
quantity by feeing the foliition commence, and you will 
obferve the ore univerfally covered with bubbles of air, 
thefe will buoy the ore up in large tufts to the fur face, 
and the air will continue to be feparated from the ore till 
the acid becomes faturated with the lead. The fait 
arifing from the union of the nitrous acid , to the lead 
often appears cryftallized upon the furface of the men- 
Uruum inthis experiment; and if, when the menftruum; 
is in that firate, a little frefli acid be added, the fait in- 
ilantly cryllallizes and falls down to the. bottom of. the 

glafs. 
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glafs, the add having abforbed the water which held it 
in folntion. When lead is dillblved in the manner here 
mentioned, by a very diluted acid of nitre, there is no 
appearance of fulphur upon the fiirface of the men- 
jftruum, there is found at its bottom a black matter which 
is the fulphur, 

. But though lead and fulphur, a liquid and air, are un- 
queftionably conftituent parts of lead ore, I do not take 
upon me to fay, that they are the only conftituent parts : 
it is well known, that, during the fmelting of lead ore, a 
third part or more of its weight is fomehow or other loft, . 
fince from one and twenty hundred weight of ore they- 
feldora obtain above fourteen hundred weight of lead. 
What is loft partly confifts of a fcoria w-hich floats upon 
the furface of the lead during the operation of fmelting, , 
and partly of what is fublimed up the chimney and diffi- 
patedin the air. Thefcoiia,.! apprehend, M'ould be very 
little even from a ton of ore, if. the ore was quite free from 
fpar : it is the fpar which is mixed with the ore that con-? 
ftitutes the main portion of the fcoria. I have in my. 
pqfleflion a folid mafs of fcoria, which accidentally 
flowed out from a fmelting furnace, and, which in colour 
and confiftency perfectly refembles grey lime-ftone; it 
receives a polifli as fine as marble, and it might, perhaps, 
with advantage be caft into molds for paving ftones,; 

a. ; chimney 
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chimney pieces, and other matters. It ariles from the 
fpar mixed with the. ore, and, by the addition of fufible 
fpar to the ore during its fufion, its quantity might be 
increafed at no great expcnce, in any proportion. That 
part of the ore which is fnblimedvaiid dil'pciicd in the 
air, confifts partly of the fulphur which is confumed, 
and partly of lead; this fublimed lead attaches itfelf in 
part to the fides of the chimney of the fmelting furnace; 
the reil of it flies up into the air, from whence it hills 
upon the ground, poifoning the water and hcihage upon 
which it fettles. This fublimed lead might be colleded 
either by making it meet with water, or with the vapour 
of water during its afcent, or by making it pafs through 
an horizontal chimney of a fufhcieiit length. 

It is not eafy to determine with precifion the quantity 
of this fublimed lead; a general giicfs, however, may 
throw fome light upon the fubjedl. They uftially at a 
fmelting houfe work olF three tons, or llxty hundred 
weight, of lead ore every twenty-four hours ; the fulphur 
contained in fixty hundred weight of ore we will fup-. 
pofe to be feven hundred weight, and the leatl to be 
forty hundred weight; the air, liquid, fcoria, and fub- 
limed lead, mnft together, upon this fuppoiition, amount 
to thirteen hundred weight; now, admitting three him- 
■dred weight of the tliirteen to be fublimed lead, it is 

evident 
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evident that, could it.be colledted, there would be an annual 
faving at each fmelting houfe of above fifty tons, which, 
fuppofing it to be vwth four pounds ton, would 
amount to above, two hundred pounds a year. The price 
and quantity of lead fublimate here alTumed are probably 
both of them below the truth ; but my end is aiifwered in 
giving this hint to perfons engaged in the fmelting* 
bufinefs. ■ 

The following experiments, though upon a different 
fubjedt, may not be unacceptable to the lovers of che-- 
miftry, as I do not remember to have any where met 
with themi I trouble the Society with a relation of 
them at this time, that I. may not hereafter intrude upon’ 
their leifure. 

It is commonly known, that the furface of melted 
lead becomes covered with a pellicle of various, colours., 
I undertook fbme experiments in the courfe of laft win- 
ter, with a view to afcertain the order in which the colours - 
fucceeded each other. The lead which lines the boxes 
in which tea is imported from China happening to be at 
hand, fome of it was melted in an iron ladle; but I was. 
much furprized to find that its furface, though it was • 
prefently covered with a dufky pellicle, did not exhibit.: 
any colours. Imagining that the heat was not fufii- 
ciently ftrong to render the colours vifible, the fire was. j 
urged till the ladle became red-hot, the calcined pellicle 

upoa^ 
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upon the furface of the lead was red-hot alfo,but it was 
ftill without colour. The fame parcel of lead was boiled 
in a crucible for a conliderable time ; during the boiling 
a copious fleam was difcharged, and the furface of the 
lead, as is ufual, became covered with a half vitrified 
fcoria. The lead which remained unvitrified was then 
examined, and it had acquired the property of forming a 
fucceliion of coloured pellicles during the whole time of 
continuing in a ftate of fufion. 

Another portion of the fame kind of lead was expofed 
■to a ftrong calcining heat for a long time ; the part which 
remained uncalcined did, at length, acquire the property 
of exhibiting colours fufficiently vivid. 

Thefe experiments induced me to conclude, that the 
Ghinefe lead was mixed with fonie fubftance from which 
it was neceflary to free it, either by fublimation or calci- 
nation, before it would exhibit its colours. It would be 
ufelefs to mention all the experiments which I made be- 
fore I difeovered the heterogeneous fubftance with 
which I fuppofed the Ghinefe lead was mixed. Atlaft 
I hit upon one which feems fully fufficient to explain 
the phenomenon. Into a ladle full of melted Derbyfliire 
lead, which manifefted a fucceffion of the moft vivid 
colours, I i)ut a fmall portion of tin, and obferved, that as 
foon as th,e tin was melted, and mixed with the .lead, no 


■more 
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more colours were to be feen. I do not know precifely 
the fmalleft poffible quantity of tin, which will be fufii- 
cient to deprive a given quantity of lead of its property 
of forming coloured pellicles, but I have reafon to be- 
lieve, that it does not exceed one five tlioufandth part of 
weight of the lead. 

Derbylhire lead, which has loft its property of exhi- 
biting colours by being mixed with tin, acquires it again, 
as is mentioned of the Chinefe lead, by being expofed to 
a calcining heat for a fufficient time ; the tin it is fup- 
pofed being feparated from the lead by calcination be- 
fore all the lead is re4uced to a calx. 

Some calcined Chinefe lead was reduced to its metallic 
form by burning fome tallow over it. The reduced lead 
gave, when melted, coloured pellicles; the calx of tin, 
which we fuppofe to have been mixed with the calcined 
lead, not being fo eafily reducible as that of lead. 

I find that zinc is another metallic fubftance which 
has the fame property as tin with ref|>e<5t to the depriv- 
ing lead of its power of forming coloured pellicles ; but 
it does not, I think, polTefs this po wer in fo eminent a 
degree as tin. I put fmail portions of bifmuth alfo into 
melted lead, but the lead ftill retained its quality of forrn- 
ing colours. I melted together fome filver and lead, but 
the lead did not thereby lofe its power of forming 'colours. 

VoL. LXVIIL SR A little 
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A little tin added to a mixture of lead and bifmuth, or to 
a mixture of filver and lead, immediately takes away 
from the refpevftive mixtures the faculty of forming 
coloured pellicles. 

This quality of tin has hitherto, as far as I know, been 
rinobfcrved; but every new tad, relative to the adions 
of bodies one upon another, ought to be recorded. The 
change produced in lead by the admixture of a fmall 
portion of tin is much felt by the plumbers, as it makes 
the metal fo hard and harflij that it is not without diffi- 
culty they can call it into flieet lead. If their old lead 
does not work fo willingly, nor exhibit colours fo readily,, 
as new lead, they may refer the difference to the fmall 
quantity of tin contained in the fohier, from which old 
lead can feldom be thoroughly freed. 

With refpetff to the order in which the colours fucceed 
one another upon the furface of melted lead, it feems tO' 
be the following one; yellow, purple, blue, yellow, pur- 
ple, green, pink, green, pink, green. Ujaon exhildting 
the bright furface of melted lead to the air, 1 have often 
obferved thefe ten changes to follow one another in a 
more or lefs rapid fucceffion, according to the degree of 
heat prevailing in the lead. If the heat is but fmall, the 
fucceffion flops before it has gone through all the 
changes; but with the greateft heat I did not obferve any 

' . . ' ■ ■ . ' further 
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further variation. All the colours are very vivid, and 
each feems to go through all the lhades belonging to it 
before it is changed into the next in order. 

The formation of thefe colours may be explained 
from what has been advanced by Sir Isaac newton, 
and illuftrated by the very ingenious experiments of Mr. 
DELAVAL, relative to the lize of the particles conftituting 
coloured bodies. 
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XL. Befcription of a moji effe&ual Method of fecurtng 
Buildings ag^inji Fire, invented by Charles Lord 
Vifcount Mahon, F, R. S. 


Kcad July 2, 1778. 

§ I. '“ 1 ^ HE new and very fimple method which I have 
^ difcovered of fecuiing every kind of building 
(even though conftruded of timber) againft all danger 
of fire, may very properly be divided into three parts; 
namely, under-flooring, extra-lathing, and inter-fecur^ 
ing, which particular methods may be applied, in part 
or in whole, to different buildings, according to the va- 
rious circumftances attending their conftrudlion, and 
according to the degree of accumulated fire, to which 
each of thefe buildings may be expofed, from the dif- 
ferent ufes to which they are, meant to be appropriated. 

§ a. The method of under-flooring may be divided 
into two, parts; videlicet, into fmgle and double under- 
flooring. 

The mothoAoi fmgle under-flooring is as follows, A 
commonfirong lath, of about one quarterof an inch thick 
4- (either 
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(either of oak or fir) fliould be nailed agairift each fide of 
every joift, and of every main timber, which fiipports 
the floor intended to befecured. Other fimilar laths ought 
then to be nailed the whole length of the Joifts, with 
their ends butting againft each other: thefe are what I 
call the fillets. The top of each fillet ought to be at one 
inch and a half below the top of the joifts or timbers 
againft which they are nailed. Thefe fillets will then 
form, as it were, a fort of fmall ledge on each fide of all 
the joifts. 

§ 3 , When the fillets are going to be nailed on, fome 
of the rough plafter hereafter mentioned (§9.) muft be 
fpread with a trow’^el all along that fide of each of the 
fillets, which is to lay next to the joifts, in order that 
thefe fillets may be well bedded therein when they are 
nailed on, fo that there fliould not be any interval be- 
tween the fillets and the joifts. 

§ 4. A great number of any common laths (either of 
oak or fir) muft be cut nearly to the length of the width 
of the intervals between the joifts. 

Some of the rough plafter referred to above (§ 3.) 
ought to be fpread, with a trowel, fucceflively upon the 
top of all the fillets, and along the fides of that part of 
the joifts which is between the top of the fillets and the. 
upper edge of the joifts. 


The 
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The llioit pieces of common laths juft mentioned 
■ought (in order to fill up the intervals between the joifts 
that fupport the floor) to be laid in the contrary direc- 
tion to the joifts, and clofe together in. a row, fo as to 
touch one another, as much as the want of ftraitnefs in 
the laths will poffibly allow, withodt the laths lapping- 
over each other; their ends muft reft upon the fillets 
fpoken of above (§ a.) and they ought to be well bedded 
in the rough plafter. It is not proper to ufe any nails to 
fatten down either thefe fliort pieces of laths, or thofe 
fliort pieces hereafter mentioned (§7.) 

§ 5. Thefe lliort pieces of laths ought then to be co- 
vered with one thick coat of the rough plafter fpoken of 
hei'eafter (§ 9.), which fliould be f|iread all over them, 
and which flrould be brought, with a trowel, to be about 
level with the tops of the joifts, but not above them. 
This rough plafter in a day or two fliould be trowelled 
all over, clofe home to the lides of the joifts; but the 
tops of the joifts ought not to be any wife covered with 
it. . 

§ 6. The method of double underflooring is, in the 
firft part of it, exacftly the fame as the method juft de- 
Icribed. The fillets and the fliort pieces of laths are ap- 
plied in the fame manner; but the coat of rough plafter 
3 ought 
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ought to be little aiore than half as thick as the coat of 
rough plafter applied in the method of fingle tinder- 
flooring, 

§ 7. In the method of double under -floorings as faft 
as this coat of rough plaffcer is laid on, feme more of the 
fliort pieces of laths, cut as above diredted (§ 4.), mud: 
be laid in the intervals between the joitfs upon the firft 
coat of rough plafter; and each of thefe fliort laths muft 
be, one after the other, bedded deep and quite found into 
this rough plafter whilft it is foft. Thefe fliort pieces of 
laths fliould be laid alfo as clofe as poffible to each other, 
and in the fame diretftion as the firll: layer of fliort laths. 

§ 8 , A coat of the fame kind of rough plafter fliould 
then be fpread over this fecond layer of fliort laths, as 
there was upon the firft layer above deferibed. This, 
coat of rough plafter fhould (as above diredted § 5. for 
the method of Jingle under-flooring') be trowelled level 
with the tops of the joifts,.but it ought not to rife above 
them. The fooner this fecond coat of rough plafter is 
fpread upon the fecond layer of fliort laths juft men- 
tioned (§ 7 .) the better.. 

What follows, as far as § 1 3. is common to the method 
oi Jingle as well as to that of double under-flooring. 

§ 9, Common coarfe lime and hair (fuch as generally 
ferves for the pricking-up-coat in plaftering) may be- 
ufed for all the purpofes before or hereafter mentioned 

but 
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but it is confiderably cheaper, and even much better, in 
an tbefe cafes, to make ufe of bay inftead of hair, in order 
to pre\'cnt the plafter-work from ctacking. The hay 
ou'^ht to be chopped to ai>out three inches iu leiij^th, but 

no Ihorter. 

One meafure of common rough two nieafuies of 
Hacked //;«£?, and three meafures (but not lefs) ot chopped 
will prove, in general, a very good proportion, when 
fufficiently beat up together in the manner of common 
mortar. The hay muft be well dragged in this kind of 
rough plafter, and well intermixed with it; but the hay 
ought never to be put in, till the two other ingredients 
are well beat up together with water. 

This rough plafter ought never to be made thin for 
any of the work mentioned in this paper. The ftitfer it 
is the better, provided it be not too dry to be fpread pro- 
perly upon the laths. 

If the flooring boards are required to be laid very 
foon, a foiirth or a fifth part of quick lime in powder, 
very well mixed with this rough plafter juft before it is 
ufed, will caufe it to dry very faft. 

(a) I h?ive prfl,(9:icei3 thi$ metted in an extenfive work, with great advantage. 
In three weeks this rough plafter grows pcrfcaiy dry. The rough plafter. fo 
made, may be applied at ad titnes of the ywr with the greateft fuccefs. The 
eafieft method, by much, of reducing the 4 w to powder is, by dropping 

a fmall quantity of water on the lime-ftone, a little w.ile before the powdcj is 
intended to be ufed ; the lime will ftill retain a very fufficient degree of heat. 



Securing Buildings againjl Fire. S89 

§10. When the rough plafter-work between the joifts 
has got thoroughly dry, it ought to be obferved, whether 
or not, there be any fmali cracks in it, particularly next 
to the joifts. If there are any, they ought to be walhed 
over with a brufli, wet with mortar-wq/Jr-, which will 
e:ffe( 5 fually- clofe them; but there will never be any 
cracks at all, ii the chopped bay and the quick lime be pro- 
perly made ufe of. 

§ 1 1. The mortar-waflr I make, ufe of is merely this. 
About two meafures of quick lime, and one meafure of 
common fand, fliould be put into a pail, and ftiould be 
well ftirred up with water, till the wvater grows very 
thick, fo as to be almoft of the confifteilcy of a thin jelly. 
This waih, when ufed, will grow dry -in a few minutes. 

§ I a. Before the flooring boards are laid, a fmall 
quantity of very dry common fand fliould be ftrewed 
over the rough plafter-work, but ilot over the tops of 
the joifts. The fand fliould be ftruck fmooth with an 
hollow rule, which ought to be about the length of the 
diftaiice from joift to joift, and of about one eighth of an 
inch curvature ; which rule, pafling over the fand, in 
the fame diredlion with the joifts, will caufe*the fand to 
lay rather rounding in the middle of the internal between 
each pair of joifts.; : . i ; ^ ■ j 

. The flooring boards may theii 'be (laid and; faftened 
down in the ufual manner; but very particular attention 
VoL. LXVm. SS muft 
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miift be paid to the rough plafter-work and to the fancl 
being moil perfediy dry before the boards are laid, for 
fear of the dry-rot ; of which however there is no kind 
of danger, when this precaution is made ufc of. 

§ 13. The method of under-flooring I have alfo ap- 
plied, with the utmoft fuccefs, to a wooden ftair-cafe. It 
is made to follow the lliape of the fteps, but no fand is 
laid upon the rough plafter-work in this cafe. 

§ 1 4. The method of extra-latbing may be applied to 
cieling joifts, to Hoping roofs, and to wooden partitions. 
It is fimply this : 

As the laths are going to be nailed on, fome of the 
above mentioned rough j)lafler ought to be fpread be- 
ttveeii thefe laths and the joifts (or other timbers) againft 
which thefe laths are to be nailed. The laths ought to 
be nailed very clofe to each other. 

When either of the ends of any of the laths laps over 
other laths, it ought to be attended to, that thefe ends be 
bedded found in fome of the fame kind of rough plafter. 

This attentipn is equally neceffary for the fecond layer 
of laths hereafter mentioned (§15.). 

§ 15. This firfl layer of laths ought to be covered 
with a pretty thick coat of the fame rough plafter fpoken 
of above (§ 9 ,). A fecond layer of laths ought then to 
be nailed on, each lath being, as it is put on, well fqueezed 
4 , ' ' ■ ■ ■ ' ' ' ' 'and 
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and bedded found into the foft rough plafter. For this 
reafon, no more of this firft coat of rough pi after ought 
to be laid on at a time than what can be immediately 
followed with the fecond layer of laths. 

. The laths of this fecond layer ought to be laid as clofe 
to each other as they can be, to allow of a proper clench 
for the rough plafter. 

The laths of the fecond layer may then he plaftered 
over with a coat of the fame kind of rough plafter, or it 
may be plaftered over in the ufual manner. 

§ 1 6. The third method, which is that of inter -fecur- 
mgy is very limilar, in moft refpecfts, to that of under ^ 
Jiooring\ but no fand is afterwards to be laid upon it. 
Inter-fecuring is applicable to the fame parts of a buikU 
ing as the method of extra-htbingyeSk. defcribed; hut it 
is not often, necefiary to be made ufe of. 

§ 17, I have made a prodigious number of experi- 
ments upon every part of thefe different methods. I 
caufed a wooden building to be conftrudled atChevening, 
in Kent, in order to perform them in the moft natural 
manner. The methods of extra^latbing and double 
under -flooring were the only ones made ufe of in that 
building. 

(b) If a thiriJ kyer tjf laths be immediately nail^ on, and be covered wife 
a tWrd coat of rough plafter, I then call the method trdk-htbingi but this 
method of treble-lathing can ahnoft, in no cafe, be re<jtiired. 

■ ' 'S a" ; ' . ' " ' ' 
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On tlie 2,6th of September laft year I had the honour 
to’ repeat fome of my experiments before the Prefident 
and forae of the Fellows of the Royal Society, the Lord 
Mayor and Aldermen of the City of London, the Com- 
mittee of City Lands, feveral of the foreign miuifters, 
and a great number of other perfons. 

§ 1 8. The firft experiment was to till the lower room 
of the building (which room was about twenty-fix feet 
long by fixteen wide) full of fhavings and faggots, mixed 
with combuftibles, and to fet them all on lire. The heat 
was. fo intenfe, that the giafs of the windows was melted 
like fo much common fealing wax, and run down in 
drops, yet the flooring boards of that very room were 
not burnt through,, nor was one of the fide timbers, 
floor-joifls, or cieling-joifts, damaged in the fmalleft de- 
gree; and the perfons who went into the room imme- 
diately over the room filled with fire, did not perceive 
any ill effedts from it whatever, even the floor of that 
room being perfedlly cool during that enormous confla- 
gration immediately underneath.. 

§19.1 then caiifed a kiqd of wooden building (of full 
fifty feet in length*, and, pf three ft.Qries high in the mid- 
dle) to be eredled, quite clofe to one end of the fecured 
wooden houfe. I filled and coyeired this building with 
above eleven hundred large kiln faggots, and feveral 
rloads of dry fliavitigs; antl;J this pile oh fii'e. 

, ■ ' 3 ' . ' " ■ ' ■ , ' ' The 
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The height of the flame was no lefs than eighty-fevcn 
feet perpendicular from the ground, and the grafs upon 
a bank, at a hundred and fifty feet from the fire, was all 
fcorched; yet the fecured wooden building, quite conti- 
guous to this vaft heap of fire, was not at all damaged, 
except fome parts of the outer coat of plafter-work. 

This experiment was intended to reprefent a wooden 
town on fire, and to fliew how eficdlualiy even a wooden 
building, if fecured according to my new method, would 
flop the progrefs of the flames on that fide, without any 
afliflance from fire-engines, &c. 

§ 20. The laft experiment I made that day, was the at- 
tempting to burn a wooden flair-cafe, fecured according 
to my Ample method of under-flooring. The under fide 
of the flair-cafe was extra-lathed. Several very large 
kiln faggots were laid, and kindled, under the flair-cafe, 
round the flairs and upon the fteps ; this wooden flair- 
cafe notwithftanding refifted, as if it had been of fi.re- 
ftone, all the attempts that were made to confume it. 

I have fince made five other flill ftronger fires upon 
this fame fbir-cafe, without having repaired it, having, 
moreover, filled the fmall place in which this flair-cafe 
is entirely with lhavings and large faggots; but the 
flair-cafe is, however, flill ftanding, and is but little 
damaged. 

■§ 
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§ 21. In moft lioufes it is neceflary only to Jecure the 
floors', and that according to the method of fmgle 
under flooring deferibed above, in § a, 3, 4, and 5. The 
extra-expence of it (all materials included) is only about 
nine pence per fquare yard, unlefs there Ihould be parti- 
cular difficulties attending the execution, in which cafe 
-it will vtiry a little. When quick lime is made ufe of, 
the expence is a trifle more. 

The extra- expence of the method of extra-lathing is 
no more than fix pence per fquare yard for the timber 
fide-walls and partitions; but for the deling about nine 
pence per fquare yard. No extra-lathing is neceflary in 
the generality of houfes. 

§22.1 purpofe giving to the world, before it is very 
long, a detailed account of many other experiments I 
have made upon this fubjed, and of the various advan- 
tages arifing from my method, with feveral particulars 
relative to the different parts of each of the methods 
above deferibed, and relative to their joint or feparate 
application to different kinds of buildings, and to the 
different conftituent parts of an houfe; to which 1 fliall 
add a full explanation of the principles upon which they 
are founded, and the reafons for their certain and fur- 
prizing fuccefs. In the mean time I have taken the 
liberty of troubling the Society with this ihort account. 


^ 4 ^ 
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XLI. A Method of findings by the Help of Sir Ifaac New- 
ton’s binomial 'Pheorem^ a near Value of the very Jlowly- 

• X 

converging infinite Series sc •¥— + — + - + ‘-+ZLc,’Wben 

2345 

X is very nearly equal to i. By Francis Maferes, Ffq. 
F. R. S. Curjltor Baron of the Exchequer. 


Read July 9, 1778. 

ARTICLE I. 

T F the capital letters a, b, c, d, e. See. be put for the 
numeral co-efEcients of the powers of x in the faid 
feries, fo that a iliall be = i, b=^, c=j, D = p e=j, 
and fo on, we ftiall have b=|xa, c = jxb, d = |xc, 

X sc SC^ 

1 4 X d, See. and the feries x + ~ + - + — + -+&c will 

5 ^ ■ z 3 4 5 

be =X +~AXX + jBX^ + j;CX‘^ + fDX^ + j;EX^+ jFX'^-i-jGX^ 
+8cc.; in which feries the fra«5tions 4 , i, See. 

which generate the co-efficients of the powers of x in 
the feveral terms after the firft term x,, are derived from 
each other by the continual addition of i to both their 
numerators and their denominators. 

z. This 
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2,. This obfervation fuggefts to us a method of finding 
a near value of the fum of this feries by the help of Sir 
ISAAC newton’s binomial theorem, which may be ex- 
plained as follows. 

If ni and n reprefent any two whole numbers, the re- 


ciprocal of the ~th power of the binomial quantity i -a", 
or, according to Sir Isaac newton’s notation of jiowcrs, 

the quantity \ will , according to that celebrated 

theorem, be equal to the infinite feries 


m 

I + - X X 
n 

^ ^ X X XX 4- r* X X — — X 

B 2 b B 2H 

m m + B m 4 - 2 n 

^ X — — X 

n 2n 3?r 

m ^2 4 - « w 4 - S^. m 4 "' 4^^ < . o 

+ _ +. _Z_- X — — X -f - X — - — X + &c. 
K 2« S'* 4« 5 » 


2 « 

4^1 


X 


m m-^n 

or I +pAa?+ — 


■BAW + 


4. h + See. ; in which feries 

the capital letters a, b, c, d, e, f, g, h. See. ftand for i 
and the co-efEcients of x, xx^ x^, x\ x\ x^, x\ x% See. 

Now it is evident, thtit the generating fradfions ■"-> 


m + 2n 

S'* 


CX^ + 


2+3;'nK4+'i±£' 


4« 


5'^ 


ea:' 




^ jw 4 - ^ w 4* 4^ ^ ^^4- 5^ ^ ' #2 4* 6w ^ " 


m 4- 7 B 


$n 4w 5^- 

rived from ^ 


- — . - — > Sec. arc de- 

>K>n : : . ■■ , *jn oh ^ 

and from each other by the continual 

addition of f to both theif numerators and denomi- 
nators, Therefore, though they are greater than they 
would be if m was fubtra6ted from the numerator 

of 



infinite Series x-\- ~ 


XX 


X" 


"I" * ” 4- 


+ 8iC- 


8^7 


of each of them, that is, than the fraitions —5 - \ ^5 —■> 

2/2 3'/ 4// 5/2 

I;'? Sec. and coiifequcntly, than the fradHons t, 4, 
I, |, I, y, Sec. which are rdpciffivcly equal to "'y 

fn’ Jif f) 1 / S’ further we go in the fci ics, 

the lefs is the proportion in which they' exceed the hitter 
fradtioas; inforauch that, if we go far enough in the 
feries, we may find terms in it whofe proportion to the 
correfponding terms in the feries I, j, |, A, 4 3^c, 
fiiall approach as near as we pleafe to a proportion of 
equality. And, by taking n of a very great magnitude 
in comi:»arifon of we may even make the fiiif terms 

of the feries — — > — — — -x., „ x, — , —LX, 

2/2 3/2 4»2 5^2 on pi 0/2 

Src. afiproach very nearly to an equality with the cor- 
refpoiuling terms of the feries 4 f? g? yj fi which 
arc the generating fradions of the propofed feries 


XX .V'* X' .V' .. . , 1 • 

... y „ 4. „ 4 ... 4 . 4 ixi oixicr to this. 

2 3 4 S 7 ^ 

let ;/7 bc taken - i, and n~. 1,000, 000, 000, 000, that is, 
= a billion, or the fipaarc of a million, which, to avoid 
the frcfpient repetition of fo many cyphers, we will call/!). 


_.,.7 


Then will i 




■A'! 


or 


1 


,be 


t ' I ^ 4* I » I 3"' A 

I + r AA+ ■-^'&xx+—cx^+~~pplixU 


3 ^ 1 ± 3 in v4 4- 


I 4* 4 ^^ 


,1 + Ch r 1 + 6// . ' 1 + 7/^ 

i-.-^ r.ir‘+ •y-G.v’H- -jf 


ni 


^OL. LXVIII. 


+ &c. which, Oft account of 

■•S' T ■ ' . the 
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the great magnitude of ib, 3^, ^b, 5^, 6b^ yb^ &c. in 

comparifon of 1, will be almoft equal to (though fome- 

what greater than) i + - ax+ ^^'bxx+-^jcx^ + 

+ |^Fa'’®+ ^ ha;®+ Scc.or i +■ | AA'+-tBar;c + jCAr^ + 
-|Dar'^ + -|Ea?5 + iFA'’® +|-Ga'’ + -|Ha''* + &c. or 
+ jx I X I X xr+jxlx I X I X a:H|x|x -^x | x i x + &c.. 


I It I T 5 J T 4 n *v A*.t 

0x1 + jx+yx Ixr + j X j X j X ~ + &:c. or i + j + 

i: + ii, + $ " £ + Therefore, multiplyiijig 
both fides by b, we fhallliave b x — ~ nearlv =■ b + x + ~. 

\ I z 


^ X* X^ X 

^ 

3456 


+ — + Y+&C.J aiidjfubtradting b from 


-1. ^T- J’ 1 *■■*■ X' .0 1 J. 

both iidesj ;r4— + — 4- — + — 4--j + -r + -g-+ Sec. nearly 

^ 3 4 5 f 

= b x —i -— -b-bx — b ; that is, the iiroj_xifed fcrics 


^ 4. ± 4. ^ + :L 4. gr^. vrill 1x5 nearly 

'x 


' X -^x* jif 


We muft therefore firft fubtra<£l x fr 


I, and then divide i by the remainder, which will give 


us a quotient equal to And, having found 

this quotient, we muft extract its -iJth, or 
1 , 00 0,0 00, 00 0,0 00th, root, and multiply the faid root 
by b, or 1,000,000,000,000; and, laftly, from the pro- 
dud we muft fubtrad by orT,ooo,oop,ooo,oGo: and 

' the. 
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tlie remainder thereby obtained will be nearly equal to 

the propofed infinite feries 4- -i- -" + 

^ ^ 234567 

&C. Q, E. I. 

An example of the foregoing inetbod of fumming the faid 

infinite feries. 

3. As an example of this method of finding the value 

of the feries a" + ^ ^ ^ + -g- + &c. let us fup- 

pofe X to be equal to -fo* 

Then we lhall have i ~x = i - f- = f-, and ^ = 1 0. 
NoWjfincethe logarithniof loiuBRiGGs’sSyftem ofloga* 
rithms is i, the logarithm of the 1,000, 000, 000, 000th 
root of 10 muft be the 1,000, 000, 000, 000th part of 1, 
or mull; be = .000,000,000,001. This logarithm is 
too fmall to be found in the common tables of loga- 
rithms, which go only to feven places of figures; and 
therelhrc the number correrponding to it, that is, the 
1, 00 0,0 00, 00 0,0 00th I'oot of 10, cannot be found by 
the help of thofe tables; but it may be found in the 
manner following. The 1,000, 000, 000,000th root of 
10 is a number that is fomewhat, and but a Very little, 
greater than I , That number, therefore, and i will repre* 
fent two ordinates to the axis, or afymptoteyof adogarith- 
mick cuiwe that are very nearly contiguous to each other : 
Whence it follows^ that the fub-tangent of 'the curve will 

, S r % ■ ' ■ ' , hear 
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bear very nearly the fame proi 5 ortion to the lefier ordinate 
j , as the abfcifs of the axis intercepted between the two or- 
dinates^that is, as the logarithm of the ratio of the greater 
ordinate to theleirer,or thelog-arithni .000,000,000,001 , 
bears to the diherciicc of tlie iiiul ordinates. Say there- 
fore, as .434,2,94,481,9 (uliieh is the fLib-tangeiit of 
the iogarithmick curve in briggs’s Syllcm of Loga- 
rithms) is to I (or the leffei: of the two ordinates) fo is 
,000,000,000,001 to a fourth number, which will be 
,000,000,0005002,302.585,093; and this fourth 
number will be the excels of the grer.tcr of the faid 
two ordinates above the lefler, or of the billionth root 
of 10 above i. Therefore the billionth root of 10 
will be = 1.000,000,000,002,302,585,093; which, 
being multiplied by 1,000,000,000,000, will be = 
1,000,000,000,002,302,585,093; from %vhich if 
we fubtraa 1,000,000,000,000, the remainder will be 
2.302,585,093. Therefore 2.302,585,093 is nearly 

equal to the infinite feries + 4- — + — + “ + “ + — 

2 3 4 5 6 7 

+ &c. whenrvis = yV q. e. i. 

4. This number 2.302,585,093 gives the value of 
tiie leries x + + &c. exa<5l to nine places 

of figures, the error being only in the loth. figure 3, 
which ought to be a 2 inftead of a 3, the more accurate 
value of that feries (which is equal to the logarithm of 
4 the 
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the ratio of i to i -x in napier’s Syftem of Logarithms, 
that is, in the prefent example, to the logarithm of the 
ratio of i to -st or of 10 to i, or to napier’s logarithm 
of 10) being 2.302,585,092,994,04. 

5. I believe that firnilar applications of the binomial 
theorem may be made for the fiuximationof other flowly- 
con verging infinite feriefes, whenever the generating 
fractions (by the multiplication of which the numeral 
co-efficients of the terms of fuch feriefes arc produced 
from each other) are formed by the addition of a given 
number to both their numerators and denominators. In 
our endeavours, therefore, to fum fuch feriefes it will be 
laroper to attend to the law of the faid generating frac- 
tions. 
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'XLII. ^ Method of extending Cartlan'’s Ride for refoMng 
one Cafe of a Cubick Equation of this Form, * - qx 
= r, to the other Cafe of the fame Equation, which it 
is not natural^ fitted to folhe, and which is therefore of- 
ten called th-Q irreducible Cafe. By Francis Maferes, 
Efq. F. R. S, Curfitor Baron of the Exchequer. 


^eadjulyg, 177S. 

ARTICLE I. 

I T is well known to all perfons converfint with alge- 
bra, that cardan’s rule for refolving the cubick e- 

quation x^—qx^r is only fitted to refolve it when ~ is c- 
qual to, or greater than, or when r is equal to, or 
greater than, and that it is of no ufe in the rcfolu- 
tion of the other cafe of this equation, in whicli r is of 
any magnitude lefs than For in this cafe - - 

comes (according to the ufual language of algebraifis) a 
negative quantity, and confequently its fquare-root be- 


i; 


comes 
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comes impoffible, and the expreffion given by cardan’s 
rule for the value of x (which is either \j\~-h ' 

==■ or 


4 - 


3\/ii +\/ 


C 

27 




ihv/ 

rr 

4 

27 


rr 

27 ^ ^ 

I2 v 

4 


f-4. 


and there- 


involves in it the impoffible quantity / 

fore is unintelligible and ufelefs : or,, according to what 
appears to me a more correca way of fpeaking (who ne- 
ver could form any idea of a negative quantity, and ne- 
ver underftand by the fign - any thing more than tlm 
fubtradion of a leffier quantity from a greater), the quan- 
tity Z-t becomes itfelf impoffible, or the fuppofition 

that Z is greater than (which is one of the founda- 
tions of cardan’s rule), is no longer true, and confe- 
quentiy the rule itfelf, which is built upon it, can no 
longer take place. 


2. Neverthelefs it is poffible, by the help of Sir isaac 
newton’s binomial theorem, to extend this rule to this 
latter cafe, in which Z is lefs than , and which it is not 

of itfelf fitted to refolve;. or, to fpcak with more accu-^ • 
racy^ it is poffible to derive from the expreffion-of the 
value of Si given by cardan’s rule for the refolution; of ' 
the equation ii> the firft cafe, in which " is - 

'4*' 

'greater 
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3 

greater than another exprefllon Ibmewhat different 
from the former, that lliall exhibir the true value of x 
in the fecond cafe, in which — is lefs than 'f , provided it 

4 2 7 

be not lefs than or i- : and this without any men- 

2 X 54 

tion of either impoiliblc, or negative, quantities. To. 
fliew how this may be eifeded, is the delign of the fol- 


lowing pages. 

3. That the whole of this matter may be fecn at one 
view, it will be convenient to fet forth the foundation 
and inveftigation of cardan’s rule for refolving the e- 
quation x'^~qx-r, when is greater than which may 
be done as follows. 


fhe Invejligation of Cardan’s Rtde for refolving the Cubick 
Equation x'^^-qx-r^ when '-is greater than 'L, 

4 

4. Previoufiy to the inveftigation of this rule, it will 
be proi)er to make the following oblcrvations. 

Obs. I, In the equation (which, is apropo- 

fition affirming that is greater than qx^ and that the 
excefs is equal to r) xx miift always be greater than 
and xtii^sis/q. 


Obs. 
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Obs. 2. While x iiicreafes from V q ad infinitum, x'^ 
will increafe continually from q\/'q ad infinitum, and qx 
will increafe continually from the fame quantity qs/q ad 
infinitum^ 

Obs. 3. "Alfo, while ^ increafcs from \/ q adinfinilum, 
the excefs of above qx will increafe continually from 
nothing ad infinitum, without ever decreafing. For, if 
we put X to denote the increment which x receives in 
any given time, either fmall or great, qx will be the in- 
crement which qx v/ill receive in the fame time, and' 
3A''^A’ + 3A’A'" + A’'‘ wdll be the increment of in the fame 
time. Now, fince xx is always greater than q during 
the whole increafe of x from being equal to q ad infi- 
nitum, XX X X will be greater than qx during that whole 
increafe. Therefore, d fortiori, 3^"^;+ 3aa'^+a’^ (which 
is more than tiiple of xxxx) will be greater than qx; 
that is, the increment of a* will be greater than the con- 
temporary increment of qx during all the increafe of x. 
Confequeiitly the excefs of a’ above qx, or the com* 
pohnd quantity x^-qx, will continually increafe, with- 
out ever decreafing, while x increafcs from V q to any 
greater magnitude. 

Obs. 4. Since the compound quantity x^-qx increafcs 
continually at the fame time as a increafcs j and, when 
VoL. LXVm. ' ' $ V ' ^ 



9© 6 ExienJTah of Cardan’s Rule to the 

.. « equal to is (= = ^'-^0 


iqVq 


', it follows that, if x is greater than the com- 
3 v'j 3- 

pound quantity will be greater than and, if 


„r is lefs than the faid compound quantity will be 
lefs than and, econverfo, if the comx:>ound quan- 
tity or, its equal, the abfolute term r, is greater 

than ^^^3 value of x will be greater than ; and,, 

if x^-ax. or r, is lefs than the value of a? will be 
lefs than ^ ; or, if is greater than x will be great- 
er than — , and, if - is lefs than x will be lefs tliaa 

4. 

ay/g 

TT*' 

Obs. 5. When r is greater than or^ is greater 

S' 

than h, and confequently (by the laft obfervation) x is. 

27 

greater than xx will be greater than i?, and — will 
be greater than But ~ is the fquare of There- 
fore when r is greater than or - is greater than 
the fquare of half x will be greater than But (by 

.tu clip’s Elements, Book 11. Prox>. V.) it is always pof- 
fxble to divide a line,, as at, into two unequal parts infuch 

a pro- 



Second Caje of the Cuhick Equation x'^-qx-r> 907 

31 pro]3ortion that the redlangle under its parts fhall be e» 
qnal to any quantity that is lefs than the fqiiare of its 
half. Therefore, when r is greater than iSfl or - is 

3 ’ 4 

% 

greater than 2_, it is ix)frible to divide the line, or root, x 
into two unequal parts of fuch magnitudes that their 

redlangle, or produdt, fliall be equal to A This obfer- 

3 

vation is the foundation of cardan’s rule for the refolu- 
tion of the equation x^~qx~r in the firft cafe of that e- 

quation, or when r is greater than or - is greater 
than ~ ; the inveftigation of which is as follows. 

27 

PROBLEM. 

5. fo refolm the Equation x'^*-qx=r, xioben r is greater 

than or - is greater than 

3 V 3 4 27 

SOLUTION. 

Since r is fupi^ofed to be greater than and con- 
fequently (by Obf. S-) j is greater than L, it is poffible 

for X to be divided into two unequal parts of fuch mag- 
nitudes that their recStangle, or product, fhall be equal 
to — . I<€t it be conceived to be fo divided ; and let the 

i ' ■ ■■ ■ ' ■ . ■' ' . 

, 5U » \ ' ; ... ..greater 
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greater of tlie two parts be called and the lefler H 
Then will ah be = and confeqiiently 2>^b will be = <7,, 

and ‘^ab x \a^b will be = qxa-^b. 

Now, lince a-^b is equal- to we Ihall have a^-i- <^aab 
+ ^abb ->r ~ and q-x. a+b^qx. Therefore x^~qx^ 

will be —a^-^ ‘^nab-^ ^abb-^b^ - qx a-¥b=a^-^^ab-K a^b-h 


b'^-qx a^b\ that is (becaufe o^ubx a-^b is -qx. a+b) 
qx will be = + Ah Therefore r (which is = - qx). 

will be 

But, lince q^ab h = <7, we lhall have^=-^, and 


Therefore a^+b^ is = tr (which is=(«^ + 

3 3 

^3) is Therefore ra^ is = and ra?-d h. 



But is the product: of the multiplication of 

r-a^ into a^y which are together equal to r. Therefore- 
(by El. n. 5.) ra^—d muft be lefs than the fquare of half 


r, that is, than and confeqiiently may be fubtraded 

4 , , 

from it. Let it, and its equal be fo fuBtraded.. And 
we lliall have --rcP ' + ^ Therefore the fquare- 
root of ~~ ra^ + will be equal to Jp ~ 2, But the 
fquare-root of -- is the dijTerence of ^ and 

that 
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tliat is, either or according as ^ or is the 

greater quantity. But it has appeared above that a^ and 
together are equal to r ; and a is fuppofed to be greater 
than hi and confequently is greater than b\ There- 
fore a^ muft be greater, and b\ lefs, than T. Therefore 


is the difference of and and confequently is 
the fquare-root of the quantity -'-.^^3 + ^6^ Therefore 


r • 

IS^ 

z 


and 


is 


r 


— + \/ 

|rr 

ji 

1 2 -v/ 

4”^ 

^7 


4^ 


'rr , 

4 f 


Confe- 


be=:^. Therefore is: 


3<J 




But b has been fliewn to 


=;:and confequent— 


a fb,. or .V,. is=-^^ T \j 


f 

4 «7 


rr 


^7 


3J' 

f + s/' 

11 

\ 

2 \ 1 

4 ^2:7 


E. i: 

6 .. This expreflion naay be rendered more fimple by 
fubftituting the fihgle letter ^ in it inffead of 
For then it will be ^ 


" ~ L., 

4 , ^ 7 * 


z 



f iZ 


E&monjimtion cf the truth of the fbregmg' 
SolutioUk ■; 

7 *. That this eXF^ffion is equal to,^^ in the ^qbatioh. 
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,x=r-qx~r will appear by fubflituting it inftead of x in 
the compound quantity x^-qXy -which will thereby be 
feen to be equal to r, as it ought to be. 

This may be done in the manner following. 

Since x is=^' fy-+-. 






or 


• 4 - J 




4 _- 

r 

1 

3 x 


j 


we llrall liave 

z 


—+s'’ix- 


3 >< 




+ 3 X 


■ 4 ^ 


'~r 


+ 




ri 


— +i‘ + ( 7 x — •+J' 3 - + 

2 ■ Z ‘ 




•; and qx^qx ^ “ 


11 . 


-rn+a 7 j ; 

quently x'^-qx-—->r s + 


3 xj-+j- 


3 X 

; and confe- 


T . 


27 r 


4 ' 2 ' 7 J 


T r 

4 S 4 — zz * — 4 J* 4 

2 . ^ ^ 54 2 


, 27^-4 54 


r . 

y — I- JT 4 


7 r+ 5 +j 


,Nc«v, v-r,' or J - i. ' *« put 


io 8 36 x 3 " 

rr 


nim=:<2qtr^4q^^.^wtib.zll have'rJ-, or 


^= 7 -^-. Therefore — - 

6 v ^3 27 ^ + 54 ; 


I z i/ 3 X 


as: 




q mm, ^ 

‘L. and 

56 x 3 ^ 

,,3; 




2 yr 4 .54- X 6 X '2 7 X v" 5 X r 4 54 ^« “ 

T 73 6/3 


m 


^ 2 3 X 'TliArpfi'^rA e -I ' ... ■- , 

^r:;^“xr4 ^3 x_r 49)1.^ 1 acreiox ^^^27.-4 + 

. ' 27 v^3 Xr//i 49 z^^;/i 4 36/^® . 3 ^ + 4/^ 

'fiyv's X r 49//! 6 X 27 X 3r 46 x ^xVjxw ^ 

3 -y 4'^^^ 4 4 . 4 ^^ ^ 4 ^ * 

' ' * ' X j8r 4'^ X/« ^ ' a 
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^ y 3 X rm + ()rr _ 1 8/x-t- 2 jv/j Xrm + 2 j/^x rm + i 8 rr 
r-l-541 z iSri^zVsXm'^ 36 r- 4 - 41/3 X ' 

before fliewn that x^-qx 


s + 


36r+4^’3X 

. r 

IS 


m 


2 Therefore .v5-(7„vis=:r, and confeqiient- 


17 sl' 


~ -f jr +- 


h 

r 

3V 

! s 

2 


is the true value of x in the cur 


hick equation :f^-qx=r. Q. E. D. 

^vo other Expreffwns for the Root of the foregoing E« 

quation. 

8. Two other expreffions may be found for the root- 
of this equation by refuming the inveftigation con- 
tained in Art. 5. The firft of thefe exprellions is 

^ ■ r, or (if we put jj-, . as 


fT-fi 

beforCj 


27 




?T q 

4 , = 7 , 






4 27 




The other ex- 




h ' r 

iCy+j 

3 

rr f/'* ^ h 

r 

/ ' — r V 

■ */i 

— L. or * / 

< a > 

f 4 *7 \ 

i a \ 

4 sf y 

z 


s, Thefe expreflions are to be found in the fol- 
lowing manner;, 

JmeJiigatiQnofthefaidExpreffiQns'^ 

g. In Art. 5 . we fuppofed.the line to be divid^diil- 

■" ti» 
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to two unequal parts <3 and of which a was fnppofed 
to be the greater ; and we firft found the value of the 
greater part and then determined that of the Icfler 
part b from its relation to a, which is exprcflcd by the 
equation '^ab - q. But w'e may with tlie lame cafe firft 
determine the value of the lefler part b^ and then derive 
from it that of the greater part f?; which would produce 
the firft of the two ex])reffions of the value of x men- 
tioned in the laft article. This may be done as follows. 
Since it has been fliewn in Art. 5. that r is 

and q^qb is = and confeqiiently a is =-;^, anti to » 
it follows that r will be Therefore rb^ 15 =- + ^® 

j; ' 

and (fubtra(51:ingZ''''from both fides)r^^-/5»'^ is=;-. There- 
fore (fubtrafting both fides from than which they are 
evidently lefs)^ we fliall have _ ^!, There- • 

4 4 ^7 

fore the fquare-root oi---rb'^-\‘b^ will be = *./i - fi- 

.4 \ 4 37 

But the fquare-root of Z~rb^+b' is the difference of the 

,4 < , . 

quantities 4 iind b\ that is (becaufe is the Icfler pait 
of a^+b\ or r, and confequently islefsthan the half of 
it, ' or 4), it , is = — - Therefore — - b^ is = * /! 
Therefore (adding b^ to both fides) 4 will be = 

V 
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and (fubtraaing from both fides) 3* 


will be 


4 ^7' 


Therefore b is 


and a (=1) is 





confequently 


or a-¥bf or at, is 


14 27 


(ifweput«=L'-?l) + 





<?. E. L 


Synthctkk demonjlration of the truth of the foregoing ex- 

prejjion, 

10. Here again we may demonftrate fyntheticaily, 
that this expreflion is equal to the true value of at in the 
propofed equation x^-qx = r, by fubftituting it for ^ in 
the left-hand fide of that equation. For, if we make 
that fubftitntion, we fiiall find that the value of x^-qx 
thence arifing will be equal to r. This may be done in 
the manner following. 

Ifa;is=^-*jf-.r4-— or"p^f+— 


r I ! 
< a 


IhaE have r + 3 x 




. + 3 X — rjTx' 


voL. Lxvin. 



9 14 ; 
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n 


9 X 


SF 


17 X 


f' . 2 r 


r X. 

j;+,^ x'-^ — X ■3'+- 




f r 

a7xl--x 


and = {? X X 3- 


13- +- 


'7'? 


3 X 1 


3xi--x 


and confe- 


quently a;^-^a;=:— - x+ 


ay 


.r 


r . tv 

i-h— ^ 

z , 277* 


27 i 


57r, 5 , 4 ^ .^;zi 54 J 


Now XX, or 


rr 

-3 . 


4 ^7 


is: 


^ 7 / 7 * — 

108 


llZzJL, Therefore if we pnt »2 //x=27?t-45'^j we Ihall 

36 X 3 


have XX 


mm j •' . 

- 7 — , and X 

36 x 3 ’ 

zf 


2 tji^ 


T-r- Therefore 

D, V3 


IS 


1 2 a/ 3 X t{^ 


' A/3 X 


6 X 27"'>rV 3 X^ — 54^^-2 "T* 6X27X ^3 X r- 54/;i“^27Xi7^3Xr--9;/if 

^T^~V~' 7 \ 6^/3 

- r . 2?’ ■ • 2 - m av'sXrt* r 

Theiefore — s + i — ^ 27 x vsxr— gM"”” 


37 ;- -54^ 

— 27 X' A/ 3 ' X r/?i '4- 9 ^ ;/! + 3%^ 3 3 X rm -f mm + r 

6^y)r3~74 ^3 X ^ S4^’-” 3 X m ' “ 

A/s Xm + 2 4 - 4 ^f _ 3 V* 3Xr;;/ 4 - ayrr ^^ 54rr^-6|/3Xr;;/>^6 v/3Xm ^ ^4?-^ 

54?'— 6 A/3 X M 2 54^*— 6 a/iX;;^ loSr 12 *' 

loSrr— 12 a/'3 X rtft 
-^oSr— 12 'A/3 ■■ 

A?^ 49 ^i?ds=~--x+---df--~. , Therefore x‘^ — qxh=ri and 


: r. But it has been before fliewn that 


. /Ml.-, j + — --l-=c 333 is the true value of x in the cubick. 

W ,, ■* 3 \ r 

', ;■ SsJlT-r. ; 

equation Q. E.D. 


Inmjiigatiom 
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Invefiigatmi of the third exprejfwn of the mim of the 


root X. 


1 1 . The third espreflioii for the value of x, or the 
laft of the two mentioned in Art. 8 . to wit^f’ - + . /pI-A +, 

\ 2 \ ' 4 ^7 

n/' be obtained 

follows. ■ , . 

, Since is =r,. it follows that will, be 


Bnt is fiiewn in Art. 5. to be 



Therefore 


r~a^ IS =r- — + 



^ ■ • CDiifeqiiently 


is IhlE, and h is = ^hd 'a+i^ 

is =>/' [ [ 7--^'47 ~ 

as before, >J'’' -A+.j-+^* T-j. " ' 


Synthetkk demonfratiQn, of ipqjt^utf af.;thefmjil^thir;^,^ ex- 


‘'a'Ml'l ';jii --v;:/! <.n fMMWn- n rS, ■■h .H //': ■ 

i-a.‘ T-Ier^. again ni^y dernbriftthte' 
that this eMjpf^ilrbh h edml to the true value bf ’hiiri the 
equation ~ qx = r, by fubftituting it for x in the left- 
hand fide of the faid equation. For, if we make that 
fttbftitution, we fliall find that the value oi x'^.^ qx^ 

$X z \ : . ' ■ thence 
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thence arifmg, will be equal to r. This may be done 
in the following manner 

If xis = 

JGiiallhaveA; 




L-s, orl^+jH +l^-j 

2 ^ 


-1^ j”4- 2 X y— -f ip X 


z 

rl +3 


x[: 


!r rr — 

+ i T 

Z 2 I 


4-— --i;=:r+*3X [— + i 


z 

^ X 


r r 
i 

■a I • 


+ 3 X 


7* 


+ i 


X 


— ^ 

r ^ 

S 7 

z 


■ r+ 


3 x(IT 7 |i 

r »4 3' X 


l^x 






-hiW'x 


r- 1 
2 


T*****! t 

Tx^ i'T: 

2 




ss ;^4- 3'.x 


1.- 1 






4 . 4 . 

r^i 


+' 

4 4 27 


Tr 

-.-ii 
4 

^r--^ji-=y.+ 3x 


i'—r+gx 


r j t 
1 

2 


2 i 47 


j j-r+s x 


+7|lx~+3x-yx,|^-^l = r+^x 


t+ j]? + <7 X 4 - j-jl. And'<7x will be, = y x p+rj^ + ^ >«■ 


&-I 

jt. Therefore x^ -qx will be = j 


]i_^x[.^+j-p~yx|f-r] 

ii 

►l-n 

12 ! 


P-l-r 

1 f 2 




of AT in the cubick equation A?^-*-<7A:=r. 


13. N. B. I do not remember to have feen thefe fnb- 
Ilitutions,. or fynthetical demonftrations of the truth of 
the expreliions given by caedan’s rule, fa any book of 
algebra. 


14* xf# 
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14. An Example of the Refolution of a Cubic k Equation 
of the aforefaid Form) x^ -~qx — r, by - means of each of 
the three foregoing Exprefions. 

I will here infert a fingle. example of. a numeral equa- 
tion, of, the foregoing form,, x^-qx—r^ refolved by eacht 
of the three expreflions above-mentioned^ in order to^ 
lliew that they will all three bring out the fame number 
for its root.,, 

jLet it therefore be required to find the. value of x in ; 
the cubich equation, 35?= 1 8. , 

1.5, In this equation <? is = 3, and r is = 1 8; There- 
fore >/ q is ='v/ 3., and is which is great- 

ly lefs than 1.8,, or n Therefore this equation comes ' 
under the above-mentioned rule, and may be. refolved: 
by either of the foregoing expreifions. 


Refolution of the equation a:^“3x=:i8 by the jdrji.of 

faid exprejfions. 


i 6 \ The firft of thofe expreflions is 


4 * S 




=^,m,which,.fta>idsfor^/ 

■+r.:, 


r 

n:' 
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Now,, fince is = 3, -- will be = i, and confcqiient- 
Iv or the cube of , will allb be = i. And, fince r 

If 3 

is = 1 8, we fliall have ”•=95 ^5 conlequent- 

Z 

ly !I _ =: 8 1 -• 1 = 8 o ; that is, ss will be = 8 o . There- 

fore ris =:s/8o = '\/i6x\/5 = 4s/ 3 ; and -~ + s is = 9 + 
^ v/_g = ZA' A - il li = j and confequently 

* /' | ~+j is =Ltj£i. Therefore 3 x J’ t + r is 


f__ is = 3 X — =4= = — ; and 

/.V r 3 x 3 + -/s S’+'V'S 

I ~-+f 


+ J + 


? ig — 4. ^ X 3 + v's +_4 _ 

IJs+Vs” 

S+lp+i+4 = js+l^ _ lyi2=i =3. Therefore 3 is 

the value of in the equation 3^’=; 18. And fo wc’ 
llrall find it to be upon trial : for, if a? is taken = 3, wc 
lliall have,A;^=a7, and 3a"=3x3=9, aiKl'A?3~-3A:-r:27~. 
9 = 18. And thus wc fee that the firft of the three fore- 
going exprefiions, to wit, has 


5^1 i 


given us the true Value of xih tlfis .equatioii. 


Rejolutim 
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> 

Refoluiion of the fame equation by the fecond and third of 
the foregoing exprejfions. 


17. We are now to refolve the fame equation x^ — 



d and « /M'' + r + Jb 

r 

^ y 3 f 

5 ciuu ^ 12 ^ ^ 

— s ^ ^ 

\ 2 

2 


r. 


Now, hnce r is = 1 8, and s has been fliewn to be 
s=\/8o, or 4\/ 5, we ihall have — - r— a ^/ 


Bpri 


s is 


and 


r=9-4v/s- — _ 

■ EzfS., Therefore 




IS 


3 


3 X 3 — i/ 5 


3 X 


2 ^ ' 2 
3X3-A/S 3 - Vs 


Confequently 



3 - Vs , ^ ■_ ^-i/i;X^,-V< + 4„ 9-^> VS+S + 4 _i 8 ^6 v ^ . ;__9-3 

^ 3-v'S 2 x" 3^^7 2x3 - -/s 2 X 3-1/5 F-'Vs”’ 

li±lz . yi .l=: 3. Therefore at is = 3, as it was found to be 

3'"“ 'V S, 

by the firll expreilion. 

18. The third exprcffion |~+i+ \ j- is in the 

prefent cafe = l~J + i - Therefore by this 

expreffion, as well as by both the former, the value of 
X in theequation comes out to be 3. 


6 


19, JVbte,. 
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19. Note. The foregoing method of refolving the 
ciihick equation x^-qx^r,. when r is greater than 

3 v' 3 

or - is greater than and a like method of refolving 

the cuhick equation x'^ + qx ~r (which holds good in all 
cafes, whatever he the magnitudes of q and r), are iifu- 
ally known by the name of cardan’s ruks^ becaufe 
they were firft publillied by him in his treatife of alge- 
bra, intitled, Ars magna, quam vulgoCoffam vacant ^ feu 
regulas AlgehrakaSy \ although, as he 

himfelf informs us, they were firft found out by one 
sciPio FER.R.EUS of Bonoiiia. See wallis’s algebra, 
Chap. Xni. 

Of the fecond cafe of the cubkk equation x~qx~r ; m 

vchich r is lefs than or - is lefs than and which 

3 V 3 4 ^7 

cannot be refolved cardan’s rule. 

no. The remaining cafe of the cubick equation 
.fx-r, in which r is lefs than or - is lefs than 

* , '3^3 4 27 

and which confequently cannot be refolved by the rules 
above-mentioned, has, upon that account, obtained a- 
mongft algebraifts the name of the irreducible cafe : at 
leaft it is often called by the French writers of algebra, 
le cas irriduSiibk, The objea of the remaining pages 
, ' ■ ' ■ ' ' ' ■ '■ ■■■ of' 
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of this paper is to iliew how, by the help of Sir Isaac 


newton’s famous binomial theorem, the foregoing fo- 
lution of the other, or firft, cafe of this equation may 
be, as it were, extended to this latter cafe, or, rather, 
may be made the means of difcovering, by a very pecu- 
liar train of reafoning, another foliition, that fliall be 
adapted to it. 

a I . By the binomial theorem it appears that the cube- 
root of the binomial quantity (in which a is fup- 
pofed to be greater than b) is equal to the following in- 


finite feries, to wit, ^3 + 


a\i 

3 ^ 


due ^Jp 

gP '8i«^ 


JodP 2 2afP 


b ^ bia ^ 137,781^^ 

9 ( 3 :* 


Sec. or to x the infinite feries i + 


3 « 


22P 354^* 2618F 

j2gp 656 i <»'’ i 37 , 78 i «3 


&c. or (if we 


put the capital letters a, b, c, d, e, f, g, h, &c. for the fe- 


veral numeral coefficients, i,}, i-, 

See. of the terms of the feries, refpeiSlively,) x the 


infinite feries i + 


I 




zBP 5CF 

- 4 "^^-"““ 


6a" 


i)tr 


ttUP 

. 4 - - 


I zt'r 


1 5<r 


HF//® 17G/;' 






2ia* 


&c. in which feries both the numerators and the deno- 
minators of the generating fractions, t|j tIj 

&c. following the fecond terra, increafe continually by 
3, fb that it will be eafy for any one to continue the fe- 
ries to as many terms as he Ihall think proper. 

2.2. In like manner the cube-root of the refidual 
quantity a-b is found by the fame binomial theorem to 
VoL. LXVm. ■ ■s.Y ''f he 
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be equal to the infinite feries 

^ 33 () a ^ Sia > 343^4 

< 5 cC* 01 to X the infinite ■ferip^; 

739^^ 656^:1' 137,78 AXAs.j.i.iiLs^ 


3/j! cja '" 

jaii x the infinite feries i 


1 0// _ 22/^5 1^4//' 3618/;^ 

243((‘^ 72g(S(' 65 (>i.V’ 137, 781^^ 

ics 1 — 7 ^ — „ •‘’.££1 _. 

6 /^" CW'* IZa "'^ 


Sec. or 


“ ££i- &c. in which feries the numeral cocfiacients 

of the feveral terms are the fame as in the feries that 
expreffes the cube-root of a+h, but tlie terms which 
involve the odd powers of h (which in that: feries are 
marked with the lign +, or all added to the firft term,) 
are in this latter feries marked with the figii and are 
all to be fubtradled from the firft term, as well as the 
terms which involve the even powers of h, which are 
to be fiibtraaed from the firft term in both feriefes, 

PRO B L EM. 

23. Let it now be required to refolve the firft cafe of the 
cubick equation in which r is greater than 

or^is greater than t, hy means of an infinite 

feries derived, from the exprefftons given by cardan’s 
vule^ . ■ ' , ■ ' : " ' 

/ s : o:,£'u;,t, j/o n. 

■ We ■ have^ feen in. Art....i iv' -that,, if ss be put = -' - 
the value of a? in this equation will be = + 







Second Cafe of the Cubk'k Equation x^-qx-r. g jp, 
s. For the fake of avoiding fradtions, let e be 

But 


put - f. And we lliall have x—\/'^\e+s +\/^\e-s. 
(by Art. 21.) s/^(e+s is x the infinite feries i 4- 


SS Cs 

gee Bh 




4 “ 


I J 4 / ^ 26 x 8 / 


s 


&c ; and, - by 


S 

Se 


SS 

gee 


243<f*‘ J 2 gc ^ 6561^’^ * 137,78x6'^ 

Art. 2 2. \/^\e~s is = e^^ x the infinite feries i 
^ See. Therefore \/^\ 7 +s-^ 

Sir 243^ 7296'** 656rr 137,781^ ‘ If T 

■s/f ^ - s is equal to e^ x the fum of thefe two feriefes, 


that is, to fi X the infinite feries 2 


zss 


308/’ 


<)ce 34 y* 656U'® * 

and confequently the root of the equation x^~ qx = r is 

,T, 6s6.,* 


X the infinite feries 2 


nitum. Q. E. F. 

24. Note. This feries muft always converge, becanfe 
SS) or - ~ is always lefs than or ee. And, when 

' 4 " ^7 '' 4 


SS is confiderably lefs than ee, or 


37 , 


is confiderably 


lefs than or - is very little greater than 2^, the con- 
vergency of the terms of this feries will be fufficient to 
make it hfefuL' Bht in; other cafes, when ^ ife hwicii 
greater than (as when it is triple, quadruple or quin- . 

tuple of if, of ftill greater,) the terras of this feries will' 
converge ilyef^'hn'^t’for' jpra^ffefe^''*' 

And indeed in the moft favourable cafes it willy as 1 be- 
lieve, be lefs convenient in practice than th^ expreflion 



9^4 

\/^l-eTs +\/=le-Sj or 
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s, from which it 


was derived. However, that it may appear that this fe-* 
ries will exhibit the root of the equation x^-qx—t-- tru- 
ly, if we will take the ncceffitry pains of computing it, 
1 will here fubjoiii one example, and no more, of the 
refolution of a cubick equation of tliat form by means 
of it, having taken care to chufe fuch numbers for q 
and r as fhail make be but little greater than and 
confequently llrall give us only a froall number for the 
fraiffion by the continual multiplication of which the 
terms of the feries are generated* 


uln example of the refolution of a cubick equation of the 
aforef aid form, x^-qx^r^ in the frjl cafe of it j in which 
r is greater than or - is greater than — , by means 

of the expr^on x the infinite feries a - — — 

~~ - &c, obtained in Art* 23. 

a5. Let it he required to refolve the equation - 

300Ar ^ aio8 by means of the infinite feries x 

.obtained in' Art."' 23." by the 
help of Sir isaac newton’s binomial theorem. 

, ' Her© 
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Here qh = 300, and r is = 2108. Therefore 


IS 


2 X 300 X \/ 300 __ 2 X lOO X a/ 300 _ 2 X lOO X 10 V'3 


2 X 100 


3Xv"3 v '3 V3 

X 1 o = 2 o o Oj which is lefs than 2108, or r. Therefore 
this equation comes under the cafe of cardan’s lu-e, 
and confequently may be refolved by means of the infi- 

nite feries « i ,< - &c. if that fcries 

has been juftly derived from the third expreffion of the 
value of X given by cardan’s rule. 

16, Now, fince r is = aio8,-^, or will 86=1054, 
and or ee^ will be = 1,110,916. And, fince q is 

"T ** 

= 300, I will be = 100, and^, or the cube of i , will 

'3 ’^7 3 

be = 1 000,000; and confequently ss. or — will 

4 27’ 

be (= 1,110,916 ~ 1000,000) = 110,916. Therefore, 
the fraction “ is = = .0998. Therefore is 

= .0998!" = .009,950, and ^ is = .0998> = .000,992; 


and^is=|* .0998 =2^^ = .022,177; and^, is 
= ^ =<-oo 9 , 950 = 2 ^ = .ooa,8i8; and^,is=jM 
X ,000,992 = = .000,046; and confequently, 

+ ,^^^is,=,.02 2,i77+.ooo,8'i8, + .000, 




023,041;; and a - — - -p- ^^is=2-.923,o^^ 
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= 1.976,959. But^is .= T054. Confequently, or 
is = v/^ro54=: 10. 1 768. Therefore etx the feries 

«= IO-I768X I.97fi,959 
= 20.119,116. Therefore the root of the equation 
a" - 300 a = 2108 is =20.119,116. Q. E. I. 

27. This value of .vis true to live places of ligurcs,thc 
more accurate value of it being 20.11 9,053, as will eafily 
a])pear by profecuting it to three or four more places of 
figures by Mr. raphson’s method of approximation. 

28. That 20.x 19 is very nearly equal to, but fome- 


what lefs than, the true value of a* in the equation 
ar® - 30 oa?=2io 8, will appear by fubftitutiiig it inllead 
of X in the left-hand fide of that equation. For, if we 
take A* = 20.119,. we fiiall have xx = 404.774,161, 
andxi* = 8i43.65i,345,i59,and 300^= 6035.700; 
and confeqiiently, ^^ -300^ = 8143.651,345,159, 
-6035.700 = 2107.951, 345,159, which is fomewhat 
lefs tnan 2108, or the accurate value of 300 a in 
the propofed equation 300 a = 2108. Therefore, 
20. 1 1 g muft bf nearly equal to, but fomewhat lefs 

tha,n, the accurate value of A in that equation. 

29. It apiiears therefore'frpm example, that this 
expreflion, e - x the infinite feries 2-- 2" ^ 

'■ ; 2434* 6561/' 

— &c. does' truly' exhibit' "root df 'tlto' .eq.uatidis- 
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x^-qx = r ill that cafe of it which falls under cardan’s 
rule, or in which r is greater than or ^ is greater 

than — . 

27 

30.1 now proceed to confider the problem which is 
the principal objedf of this paper, which is to fliew how 

from the fcries ^ x {2- f - &c, we may 

derive another feries, dilFering from it only in the ligns 
of fome of the terms, by which the equation -qx = r 
may be I'eiblved in that other cafe of it which does not 
come under cardan’s rule, and in which r is lefs than 

21^, or — is lefs than and this without anv mention 
3^3 4 n 

of either impoffible or negative (quantities. 

P R O B L E M- 


fo refohe, by means of an inf nite feries derived from the 
inf nife feries e fx [a- ^ -- ^0. the fe~ 

cond cafe of the cubick equation x'^~qx=r^ in vobicb r is 
lefs than or bL is lefs than 


■ S O L; U'.T 1 O N.' , 

31. We hive feen that in the firft cafe of the e* 
equatioa.Af 3 -?'j 7 ^'br,ih' whi'ch'~.is' greyer than f, thhpt'dr' 

■ ' ... 4', .:,ciii6t 
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dua of ^ j- into the feries a - ^ ^ _ &c. ad 

infmitumy is equal to the root x. Now there are two 
dijfFercnt ways of computing this feries, which (though 
not equally ihort and convenient in pradicc) are never- 
thelefs equally juft and true: and therefore they muft 
both produce the fame refult for the value of the feries. 
The firft way of computing it is the common one, which 
confifts of the following procelles; to wit, firft, to 

compute the quantities ^ and ’R , as was done in the 
foregoing example, art. 36, where — was found to be 
= 1,110,916, and^ to be rooo,ooo; adly, to fubtrad 
'L from p in order to get the quantity w, which is equal 

to their difference, and which in the foregoing example 
was 110,916; 3dly, to divide ss by ee, fo as to obtain 
the value of the frailion p; as in the foregoing example 

wefound the fraaion^^^to be = .0998; 4thly, to 

compute the powers of the value found for the fradion 

as in the foregoing example we computed thofe of 

*0998, and found its fquare to be ,009,950, and its 

cube to be .000,99a; 5thly, to multiply fi, and its 

powers i% 1% &c. into the co-efficients -S i?. , ^ , &c.. 
‘ 9 243 <>s 6 i » 

■ ' ' refpe<ftively, 
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refpeiStivel^, as in the foregoing example we imiltij)lied 
.0998 into and .009,950 into and .000,992 into 

^ , and found the produdls to be .0 22,1 1 7, .000,8 1 8, 

and .000,046; and 6thly, to fubtra<Sl; all the produdls fo 
obtained from 2 the firft term of the feries^ This is 


the common and the proper way of computing the feries 

of it in i^raftice. But it may alfo be comx^uted in ano- 
ther manner, which may be deferibed as as follows* 

Inftead of ss infert the compound quantity — _ il it- 

4 ^7 

felf, to which rr is equal, in all the terras of it. And 
it will be thereby converted into the following feries, to 


wit, 2 


2 f/T 20 

^ee ^ 4 27/ ^2^43^"^ 

t rr _ 


\rr q-^ j 21 goS 

«4 275 **”656141^^ 


See. or (becaiife ee is = and confeqiiently 


64^ (jrr ’4 27' 243 r*- 14 271 < 4 27 ‘ 

&c. or .-i - 'fl- 

the Greek letters for the numeral co-efFicients 


T._.f 

4 27 


r _ .3?^ X z 

7 243 4 


X-.L 

4 27' 


19712 pr . 

63(} i ^ < 4 27 


and 

?l5 


~ZlL + 7 s __ 197 » g 
4x2.7 ayxlTii”* 


2__£— +, — i ^ - See, or (putting 

164 ibxzj 4x27x27 37x27x271 \i 4s 

le Greek letters for the numeral co-efFicients 

33 ?, &c. refpeaivdy) a - i ^ -1 

342 , bwi ■ ■' rr I4 , 277 r 




p 

3 ' V , S'-’"?® 



16 X 37 4.xa7 X27 

27' '>( 27'Ki'£f 


voL. Lxvin. 





930 


Extenjion 0/ Cardan’s Rule to the 


n a c&g 

Uc.ofO.--+^^ 


e 






+ 


3vf 


3yf 


+ 




16 4X2'jir zyx'zyxi* 64 i 6 x 2 ]rr 

See. whicli confifls of a much 


4x27x27'-^ 27x27x27^' 

greater number: of terms than the feries 2 


a ss 


■20 


5561 1 


gee 243 

Sec., from which it is derived, and in which 


many of the terms are much more comjilicated than in 
that former feries. Neverthelels, lince the compound 


q.uantity 


rr 


f is equal to ss, the infertion of it inftead 

4 27 ^ 

of rjj in the terms of that former feries cannot alter its, 
real value,, though it will make it much more difficult to 
•compute. Xt muft therefbre he true of the new and 


complicated feries 2- -+~ - 75+ 


Sf 




64, 


+ 


■syf 


3^7 




1,6 X 2^rr 

former feries a 


4x27 X 

2SS. 
<)ee 


+ 


yf 


27 X 27 X 27r^ 


20 r 


j6 „ 4x27/7- '27x27 

- &c. asavcll as of the: 

308 -i** 


' &c. that, if it be : 


243if'*' 656 Xe* 

multiplied into e or e, or the feries thereby 

producedavill be equal to the value of x in the equation 
or that, if the faid feries be cubed, and alfo 
multiplied, into- <7, and from its cube the prod u6l of its- 
multiplication into ^ be fubtraded, the remainder will 
be eqiial to r, or rather will approximate to the value of 
r, becaufcj as the quantity fiibftituted for x in the com- 
pound quantity is only a part of an infinite feries 
I. ' ' ■ that 
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that is equal to it is impoffible that the laid remainder 
(which is produced by that fubftitutioD) lliouki be accu- 
rately equal to the whole value of r. 

.32. By the help of this obfervation we may from the 

foregoing feries 2 - - 8ec. which, be- 

ing multiplied into e or the cube-root of f , expreffes 
the value of w in the equation x^-qx = r, in the (irft cafe 
of that equation, when ™ is greater than , deduce ano- 
ther feries refembling the former in the compoiition of 
its terms, but differing from it in the figns to be prefxed 
to fome of them, that will like wife (if multiplied into 

e jy or the cube-root of exprefs the value of x in the 
fecond cafe of the fame equation, in which — is lefs than 
and which cannot be refolved by cardan’s nilest 

This may be clone as follows-. 

33. If in this fecond cafe of the equation =:f 

we fubtra£t — from , and call the remainder ss (as wo 
before put ss for the oppo^bte diflerence — ^1-) and then 
raife the powers of ss, to wit, ri, /, s'% and alfo 
the correfpondent powers of its value to wit, 

'ScCk., the. ..'evea' 
.powers 


1 rr 

,% (il !iK 

_ — 

f rr 

1 ^ 

if d- 

mj 4 

'■ '■ '27 4' ' 

27 ““ '4 


12? 41 



' ■ S' 

z 

2 
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powers of the difference ^ , to wit, ^ % fl'Z !l| \ 

^ ^7 4 ’ 27 4' 27 4' 

&c. will confift of the very fame terras, or the fame 
powers, produ6ls, and mnltiplcs of the two original 
quantities — and — , and with the fame figns + and 
prefixed to them, as were before contained in the even 
powers of the oppofitc difference h - when -- was 

greater than 4- Thus, for example, the fqnarc of - il 

^7 ‘ 4 27 

in the former cafe was ^ ^ ; and in the pre- 

ftnt cafe thefqnareof t 2. j, ^ f,, which, 

confifts of the fame terras, and with the fame figns pre- 
fixed to them, as were contained in the fqnare of — _ C., 

4 27 

and differs from it only in the order in which the ex- 
treme terms- ~ and'^^^ are placed. And tire fune ob- 
fervation is true concerning all the other even powers of 

the oppofite differences — _ il and C. _ !1. 

4 ^7 27 4 

Alfo the odd powers of the diffci'encc - !I, to wit, 

^ 3 h Sec. will confift of the 

fame terms, or of the fame powers, j^rodnifts, and multiples 
of the two original quantities ^ and as were contained 
m the fame odd powers of the oppoftte„ difference 

^rr 
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!L _ |1 j when ^ was greater than . But the figns pre- 
fixed to the fixid terras will be contrary to tliofe which 
were prefixed to them in the former cafe. Thus, the 
cube of — - in the former cafe was \ — 

4 ^7 H 10x27 4x27X:a7 

9 3 

- ^ “ T prefent cafe 


27X27x27 27X27X4 27X16 64 


, which confifts of the 


fame terms as are contained in the cube of — — : but 

4' , a? 

they are placed in a contrary order to that in which they 
flood ill the former cafe; and the figns that are prefixed 
to them are contrary in every term to what they were- 
before. And the fame is true of all the other ockb 


powers of thefe oj)pofite differences of ^ and ^ . 

34. It follows, therefore, that if ss be put for ~ ~ — 

■*<7 4 

in this latter cafe of the equation x^~qx = r, in which 
^ is lefs than the even powers of rr, to wit, s^% 

/ •, Sec. will reprefent, or be equal to, the fame powers, 
products, and multiples of the two original quantities 
~ and ~ in the prefent cafe as they reprefented in the 

former cafe, when “ was greater than and ss was 
made to ftand for ^ and the feveral terms repre-^ 

fented by the faid even powers of j-j- will have the fame 

figns. 



ExienJIon of Cardan’s Rule to the 
fig.ns + and ~ prefixed to them rcfpeaively in this fecond 
cal'e as in the firfi; cafe. And it like wife follows that the 
odd powers of jj, to wit, ss, s\ s'% sf See. willalfo re- 
prefeiit, or be equal to, the fume .potvers, produ6ls, and 
multiples of the two original quantities ~ and in 

4 

the former cafe ; but the figns + and - prefixed to the 
feveral terms reprefented by die faid odd powers of rj- 
will be contrary to what they were before. 

35 . If therefore in this fecond cafe of the equation 
x^-qx=r, in which - is lefs than we put ss 

the feries a 


20S^ 


308/ 

, 2436’"^ 656 It 


- =7 4- 

See. will rejirefent, or be 


If '• mf ^ . 

equal to, a fyftem of terms, derived from the two ori- 
ginal quantities j and thaf will be the very fame in 
point of compofition, that is, will be the very fame 
powers,, produas, and multiples of h' and us the 
teiTns,tli,at- were reprefented by it in the former cafe, in 
which| waf,greater than but the terms fo reprefent- 
ed willi not ixiiJhave the fame figns + and - prefixed to 
them, as! they had-before ; Init thofe terms, in the raid 
fyftem^ which ate rejirefentecl by the terms of the fc- 

gee ~~ Jjp ~ Siei? “* which involve the even 
powers of rj, to wit, &c. will have the fame figns 

prefixed 
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prefixed to them as they had before when w flood for 

7 ~T^’ ™<' thofe terms of the faidfyflem which are re- 

preiented by the terms of the faid fcrics which involve 
the odd powers of to wit, and &c. will have 

contrary figns to thofe they had before. Confeqttently, 
if we change the fighs of thofe terms in the feries 2- 

ass .^os^ 308/ o 1 • 1 • ' 

9^’^ 243^^ 6561^^^ wiiicu involve the odd powers of 




to wit,, the terms and ^ 

9 ^^^’ 656 


2$5 


2 Os 


&c« the iicw fbries 

&c. will 


^ 308/ 

T* 


thereby produced, to wit, 2+ 

reprefent,. orbe-equal to, a fyftem of terms which will 
not only he the very fame in. point of compofition (or 
will be the fame powers, produdfs, and multiples of the' 
two original, quantities J and f‘), as thofe which were re- 
prefeiited by the feries 2 - ~ - iffl _ 308^” 

* 656 x^^^ tJlC.; 

foimei, cafe, but will alfo be conncdled with each other 
in e 3 i.afLly the fame manner by the 11^118 + and that' 
is, by Art. 31. the faid, new feries will reprefentj- or be/ 
equal to,, the following fyftem of. teims, to wit, 2^4.,. 

#0 ... ’ *» ' .j* <£ - '4' ‘ 


mf 


e , 


m 


,3 


, 6 ' 
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But it has been diewn (in Art. 31.) that, if this fyf- 
tem of terms be multiplied into el, or the cube-root of 

— , and the feries thence produced be cubed, and alfo 

multiplied into and from its cube the product of its 
multiplication into q be fubtradled, the remainder there- 
by obtained will be (nearly) equal to r. Therefore, if 
the feries 2 + ^ (which reprefents, 

or is equal to, the faid fyftem of terms, when is lefs 
than and is made - 7,) be multiplied by <?/, or 
the cube-root of --, and the feries thence produced be 


cubed, and alfo multiplied into y, and from the cube of 
.the faid feries the produd of its multiplication into q be 
fubtraded, it will follow that the remainder thereby 
obtained will be (nearly) equal to r; that is, the produd 
of the multiplication of or the cube-root of into 

fhe infinite feries a + — ~ -- &c, is ecnial to 

the value of .y in tbe equation in the fccond 


cafe of it, when is lefs than IC. q. E. I. 

' ' ^ '4 ^ 


This feries a+- 


243^' 


&c. docs not al- 


ways converge, but only when ss is Icfs than ee. or ^-1-- 

*7 , 4 

js lefs than or is lefs than or h" is greater than 

half 
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liiilf or than though lefs thUri '' i^ncl the nearer 

27 54 .0 27 

j approaches ^'to ^ the. greater will be the*f#iftHefs with' 
which this Tories will coilverge. , 

37 .1 will now add a few examples of the refolutiorx 
of cuhick equations of the aforefaid form, x^—qx =r^ 4 ii 
the fecond .qafe.of thofe cqiu^tiohs, in which 'r ds: lefs 


than or ^ is^.fefs: than hy means of -theinfin^- 


fei;ie.S':'<ff;-X a -Tv 


1 .W 20 ^^ 


43 c‘* '^■ 6561 /' 


; -^c.. foundiin-iAjfh’lT^i 


inpfder to confirni the truth, of the rcafonings.|:)y .whkh;^ 
that teries was obtained. ' ' 


E X A M P L ‘'E = 


38'. Let It be required to refohe the equation ' 

'' ''"'bf means of thefaldinfniie'jfmesL ‘ ’ 

Here q is = 50; r is = iQ.oqf^ovey is =^60; j,- or 
= 3'6 ooV is = 1 25,000; arid is’ = 

* ’■ ' ’ t ' ( *' ,•''■* ’ '•T T'’ ■ ' / ; i - ' i ' « i 

4639.629,629,6^9, &:c.‘which is ‘greater than 3600,' 
or f . Therefore this equation cannot be rcfolved by 
caedan’s rule, but may by the expreffion rTx the fe^ ^ 
lies:® - Sec. provided' that Ceries cqnn-: 

verges'.'-. - Now, fince '^'is =4629'.’ 6-39; ^ 

' Yol. LXVIir, 


6 A 



93 S of C 3 xdm'’s ^u/e m 

and^is ;=36pOj we fh, all have ss= ^--Z-z 4629. 629,, 

629^, 629^ See. ~ 3690 = 1029, 629, 629, 629, See. 
wliicli is confiderably lefs than 3600, or ee; and confe- 


qiiently the feries will converge. , 

39.;'\Ve;M the,refgre^ = 

s'^ 

=;.286jOo;; an4^ := .081,796; and ^ = .023,393 ; ^nd 


confeqnently 


■ZSS ^ 2 X .286- 
gee 


•S 7 ^ 

9 


•063,55; and 


50 ,^^ 

■ 243 > 


£2i:p?hM' =• = .006,73; and ^ = 121^*393 

2i2 243 71 6561/’ 6561 


24s 

7 -^ 0 Si 944 


1001,098. TJaeriefore 2 4 - 


2 SS 20j'^ . 308^® • 

4. 

243?*^ 6561/’ 


6561 - ~ ^ 

s= 2 + .o63,s5-,oo6,73 + .ooi,o9 = 2.o64,64--.oo6,73; 
=2,057,91. And ^3, orv/V, is = 's/^f^=3.9t4,867. 


Therefore x the feries 2+ 


2 SS 


205 ^ 


5085 


94?t' ' ' ^2454?*’’ 65 6 u**^' 


&c. is 


3.914,867 X 2.057,91 = 8.0564 ; that is, the root of the 
propofed equation A?^-50Af=i20 188.0564; which is 
true in three places of figures, the error being in the 
fourth place of figures, or third place of decimal frac- 
tions, where the figure ought to be a 5 inftead of a 6, 
the more accurate value of x in that equation being 
8.055,810,345,702, as may eafily be found by Mr. 
HAPHsoN’s method of approKimation. But 8.0564, 
the value of. x found by the foregoing procefs, is fuf- 
ficiently near to its more accurate value 8.055,810, Uc, 

to 
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to iliew the truth of the foregoing reaibnirigg. Their 

diffeience is only __ parts of an unit, which is only 

the I34!i6th part'of 8.055,810, &:c. or the true value 
of 

40. N. B. This equation AT*- 5 0A'= 120 exprelles the 
delation between thediaraeter of a circle and three chords 
in it that lie contiguous to each other, and together take 
up a femicircle, and form a trapezium of which the diai 
meter of the circle is the fourth fidci For if the three 
choids aie called by k and /j and the diameter of the cir- 
cle is called at, the f elation between them will be ex- 

preHed by the cubick equation a;^ -kk which 

if the numbers 3, 4 and 5 are fubftitutedinhead of the 
letters and /, will become a7^-5oa:= I2o.' See Sir 
ISAAC NEWTON’S Arithmctica Univerfalis, "’idit; 2d. 
x;7;a2,,;;:page- foi, ^ 


' E x' A M T n-E II. ’ ■ ' 

41 *- Lef'Bbe feqmredfo bf means of tMfa^Mifstiei 
, : : . . tke ' rmt of: the equation a ;®:~ , ' ' ; ■ . 

Gi eey an4 ^ ■ tvfiidr:i5::gfeirt^ 

' , ' 6 A a . ' ' ■ '■ . or 



g4f? • : . ; E0mJi0n'Gf GaitdAn’s Rule to We: 

<pr Therefore this, .equation cannot be refolv* 

4 

CAR DAN’-fej rule, but may by the feries 

SC'e.,iilt cafe that feries is a con* 


L. 

i2l.4'.rT i 

9iv 243^<r^ 

verging one. 

* f i 


,3.oBx^ 

6561/ 




■ Nbw, li’ncef- is 


o . 


1 ' X : 


I, t 

—5 and - IS =:. 5 

27/:: . 4, * 


"^6’ 


we fliall have 


ss» 


36- 


9 


27.*‘^’36 , ’27 X 36 —-27 X 36*~ 3 X 36’ ' which iS'lcis 

in the proportion of i to . 3.; Confe- 
qrrently. the feries ^ - Sic. and ’ the fe* 


■ I ' ISS 

ries + 


ios* 3 o 3 j* ‘ ' 


944 ; i2'43e'^t;’ 


kg. will converge. There- 
fore the equation A' =j may b'e refolved by the means 
of it as follows.. 

42. Sincere is = and or ee, is we fliall 

have J’=}=:333, 333, ancl^-J = i = .in,Xil, and;^ 


I 


1 

ay 


.0.3.7 3 7, and confequently 


20/ 


iff. r= 

9rf 9 

aoX a.rtjiu ^ ®#a22!,a;!.a ' 


.666666 


°°9>i44i 


. 074 , 0 . 74 , ,=md 
“d ^ - 01 . 738 . Therefore 

2Xi 308/ ' ' 13 • 

.074,074 ~.oo9j,I44.+ 

. 001, 738=2.075, 812-..0A9, 144= a.o66, 668. And 




e IS : 
it + — 


S08/ 


,5^67? -to- » 


Therefore e‘ x . ,tlie jferies 
X 2.0665,668 = 
i*ia 733 ; 
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1*13733 J that is, the root of the propofed equation 
is 1 . 1 3 7, 3 3 ; which is true to four places of fi- 
gures, the error being in the fifth place of figures, or 
fhe fourth place of decimal fractions, where the figure 
ought to be an unit inftead of a 3, the more accurate 
value of a; being 1.137,158,164, which differs from 
the value of it here found by lefs than .00017, or 

Tooloo ^ parts of an unit, which is lefs than the 6689^^1 
part of 1.137,1 58,164, of the true, value of x, . 

E X AMPLE III. 

43. Let it he required to find the root' of the equation 

x'^ — = 4, 

Here 7 is = 5 ; r is ='4; or <?, is = 2 ; or ee{ is 
=:4j q^is=i25j and~is =— =:4,629,629,6!2,9,..&c. 
which is greater than 4, or Therefore this equation 
cannot be refolyedby cardan’s rule, but may by the 
infinite feries e^ x [» +~ ~ ^ See, in , cafe that 

feries is a converging one,. 

• Now, liiice i- is 41.6 29, 629, 629, &c, and ~ is = 4, 

we lhall bave t!i or ssj =.629,629,639, See. which 

is 



^4? 'Extenfion of Cardan’s Rule to the 

is lefs than 4, or ee, in the proportion of about 6 to 
40, which is a pretty large proportion of minority, and 
much larger than the i)roportion of ss to ee in either 
of the former examples. Confequently the feiies e^K 

See. will converge with a greater 


2 + 


aoi'" . 30B/* 


4* 


243^*^ 6561^* 

degree of fwiftnefs than in either of thofe examples. 
Therefore the equation sx~r may be refolvcd by it 
as follows. 

.1 57,407 ; and confe- 


44. Here is 


t6a 9^619, to. 
4 


quently ^ is = .024,777, and '-s is = .003,900. There- 


fo 2SS • 

fore — IS 

g« 

^ X -0^4,777 _ •495>S40 
243 

I. 20!, 200 


= .0 34,97 9, and 


50 .r 


00 2,039, and is 


243 


^IS : 

^43^ 

30B X .00 3,900 
656: 


:.qoo,i 82, and confequently 2 + 


2SS 


zos* 


308/ 

6561 ’ ^ 4 •> i)re 243<!'> 60 iip 

iis = 2 + .o34,979-.oo2,039 + .ooo,i82=:2.035,i6i- 
,.002,039=2.033,122. And or \/%, is =:\/^2 = 


i:aS9>92i 
30?/ 


Therefore x the feries 2 + 


zss 


JOS'* 


6561^“ 


243«‘^ 

See. IS = 1.259,921 X 2.0,33,122= 2.561,573 5 


that is, the root of the propofed ecpiation is 

2.561,573 ; which is true tO'five places of figures, the 
error being in thq fixtljl. plape of figures, or the. fifth 

3)lace of decimal whpre the figuj'e ought to. 

^ be 
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be a 5 infteadof a y. For tlie- accurate value of x in 
tliis equation h or or or 

2-561,553; which differs from 3.561,573, ortheva^ 
Itie of X found by the foregoing feries, by only — 

than the 1 28,000th 
part of 3.5.61,553, or the value of a; itfelf ; . which is 
a great degree of exa6tnefs, 

45. That a;, or the root of the equation a;^— 

Sx=ry is accurately equal to will appear by fub- 


Itituting 


1 + -/I? 


inftead of x in the compound quantity 


5Af, and obferving that it will make that quantity 
become equal to 4. For, if a? is = we fhall 

8 . 8 ' z ^ 

5Af=it i— and confequently a?^- 5 a? = ^ ^ ~ ^ ^ ^ 
1 = 4.. Therefore hi-— Ms = AT. Q.E.D. 

46, Thefe examples fufficiently prove that the ex- 
preflion x the feries 3 + — - gcc. (which 


20S ^ , 308/ 


Bcc# 

656sr • 


we derived from the other feries x | 

by the peculiar train of reafoning ufed in Art. 33, 3 4., 
arid ‘35,) gives thfe true foot of the cubick equation 

' ' " , ^ . ,.:^Ar.=r 



944 E.>:tenJon of C2^Y6.^^n's Ruk to ihg 
qx = r ill the fecoiid cafe of it, in which r is .lefs than 
or ^ is lefs than ty and which therefore cannot he 
refolved by cardan’s rule. 


I will, however, fubjoin one more example to the 
fame purpofe ; wdiich fliall be that of the equation 
:6^x=i62y which both Dr. wallis and Mr. de moivre 
have refolved by extruding what they call the impoffi- 
ble cube-roots of the impolTible binomial quantities' 
8 - 1 + v/- 2 7 o o and 8 1 - i 7 o 0 . Now this equation 

may be refolved by the foregoing exx^reffion x the 


feries a t 


2 SS 20 , & 308/ 

9^'* '-243^'^ 6561?* ^ olt .^ 


in -the manner fol- 


IcKwing. 


example 4 .' 

, 47 . 'Let it h required to find the root " of ti^e ' equation 


Here q is = 6 3 ; r B = 1 6 3 ; -Tl, or r, is = 8 1 ; " ^ oi- 
is = Ss^tfiTlis = 31 ; ami t is =93(5,, „hicli''is 

greater than 65 £ i, or|:. Tlrerefore this equation ean- 
iiot he refolv-etl by OARDAN’S rule, but may by the infi- 

nite feries 

is a converging one. 


9« s 43«* '*^ i^^veafe tliat fe- 


Now, 
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Now, fiiice — is = 92,61, and - is = 6561, we fliall 

3 

have^-’p or w, =2700, ' which is lefs than 6561, 
or^^, in the proportion of 100 to 243, Gonfcquent- 


ly the feries 2 + 


20^*^' 308/ 

Hh ‘ 


fee. and the produ( 5 i: 


'9a’ 64.61/' 

of that feries multiplied into c'-, or the feries ed x 


2 + 


20^*^ 


+ 


308./ 


.*3.- 6;6.,- "•>>1 converge. Therefore 

the equation 63;^= 162 inay be refolved by it as 
follows. 

48. Since jx is = 2700, and p or ee, is =6561, we 

.411,522, and '^ = .169,350, 
and ^=.069,691, and confequently 


fliall have 


too 


2700 
6561 245 


X.4ii,5;2.2__*82 3,044^ 
i)€e^ q ' ^ 


^ 20 X .169^3 50 3*387,0^ 


243 


=.013,938, and 


,091,449, 

= .003, ,171. Therefore a + 

Ss«S- &:c. is = 2 + . 09 I, 449 >- ■013=938,+ 
.003, 271 - &c. = 2.094, 720, - .013,938 ~ &c. = 
•2.080,782,“- See.' ' 'And' or is = \/^f 87 =' 


•6^ 6 If" 

2SS 


20/^ 308 /, 

4- 


4.326,749, Therefore e^ x the feries 2 + 


308/ 


2SS y ,20.r' 
91V ' 243^^ 


+ 


&c. is = 4.326? 749 X a.080, 782, &c. 


9.op3,o.2 i ~ &c; that is, the root of the propofed e- 
■ qiiatiop;2:'^:--:63:«'';= i'62',-is''=,9.oo3,o2iy"-' Sec.' or;f9the-- 
yvhat lefs than 9.003,021 ; wliich is true to tbree places 
Vol.'LXVIII.''' ' ’ ■ 6 ,B' '' . of 
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of figuresj the error being in the fourth place of fi-. 
gurcs, or the third place of decimal fradhons, where 
there ought to be a cypher infccad of a 3, becaufe the 
accurate value of x in this equation is 9, iis will appear 
upon trial : for, if ar be taken = 9, we lhall have 
729, and 6 s 55 7 , and confcquently - 6 3a'' ( =7 2 9 

~567)= i 62... - 

S C H O L r U 

49. This refolution of the equation .v^-63a;=i 62* 
anfwers to Dr. wallis’s refolution of it by extra( 5 ling. 
the cube-roots of the impoffible binomial quantities 
Si+'v/— 2700 and 8i-v^ -2700, inafmuch as both re- 
fblutions are originally derived from cardan’s rule.- 
But the dijflference between them is, that the method 
here delivered is intelligible in every flep of it, whereas 
Dr. WALLIS’S method treats of impoffible quantities, or 
quantities of which no clear idea can be farmed, in the 
whole ceurfe of the procefs, though it concludes with 
a refiilt that is mtelligiblc, by means of the equality of 
the impoffible members of the two ultimate quantities 
s + iV'--3 and (whofe fum is equal to the 

value of x)j and the contrariety of the figns + and 
which are prefixed to them. The dodlor’s method of 
finding | + ^ and ' | --''I '3- to Ikj ■ the ■ cube-iroots ' 

' ■ ' 'of 



Second Cafe of the Cubkk "Equation yp’-qx-f. §47 
^of the impoffible binomial quantities 81 + -2700 and 
8 i--\/-~27oo is only tentative. But Mr. DE moivre 
has given a certain method of finding the cube-roots of 
fuch quantities in all cafes ; but not without the trifec- 
-tion of an angle, or finding (by tlie help of a table of 
fines, or otherwife) the cofine of the third part of a 
circular arc whofe cofine is given ; by means of which 
'trifedlion it is v/ell known (independently of cardan’s 
rule, or Mr. de moivre’s procefs) that the fecond cafe 
of the cubick equation x> -qx~r (in which ^ is lefs 

than may be refolved. So that Mr. de moivre’s 

method of doing this bufinefs, though more perfedf 
than Dr. vstalhs’s, does not feem to be of much ufe in 
the refolution of thefe equations. And both methods 
are equally liable to the objedtion above-mentioned, of 
exhibiting to our eyes, during the whole courfe of the 
procefies, a parcel of algebraick quantities, of which 
our underffcandings cannot form any idea; though, by 
means of the ultimate exclufion ©f thpfe quantities, the 
refults becorpe intelligible and trpe. It is by the in- 
trodudtion of fuch needlefs difficulties and myfteries in- 
to .dgebra (which, for the rooft part, take their rife from 
the/fuppofifion of the (exigence of* ne^atiye quantities, 
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or quantities lefs than nothing, or of the polEbility of 
fiibtra6ting a greater quantity from a Icffer), that the o- 
therwife dear and elegant fdence of algebra has been 
clouded and oblcmcd, andren<lercd diigiilling to num- 
bers of men of a juft taftc for reaiuning ; who arc apt 
to complain of it, and defpife it, on that accoimt. And^ 
donbtlefs, they have too much reafon to «k) fo, and to 
fay, ill the words of the famous des cartes 

in his differtation Be Methodoy page 1 1, jllgehran^ veroj 
utfolet doceri^ amnmdverti certis regulis e.t numerandi 
formulis Ha ejfe content an-iyUt videatur poi'ius ars qtkedam 
confufa, cujus ufu ingenium quodammodo turbatur et ob~ 
feuratur, quam Jcientia^ qua excolatur et perjpicacius 
reddatur. If this complaint was juft in des c artists 
time, there is certainly much more reafon for it now. 

50. The paliiige above alluded to in Dr. wallis’s 
algebra, is in the 48th chapter, pages 1 79, 1 80, of the 
folio edition at London in 1:685. And Mr. de moi- 
vre’s rnethod of extradting the cube-root of an im- 
pollible binomial quantity, as 81 + v^~ 12790, or <2 + 
3 , is pubHihell in the appendix to tlie fecond ■vo- 
lume of profeffof ‘sAilfhERs^ algebra,' pages. 744, 
745 ? 74 ^j 747 * It is very ingenious, and fliews that 
author’s great ikill in tbiVe and management of al- 

: gebraick 



Second Cafe of the Cubick Equation x^-qx-r. 945 
gebraick quantities. See alfo on this fubjesSi clairaut’s 
Eiemens d’Algebre, Part V. Sedlion 9. pages a 8 6, 287, 
388,' and a paper of Monfieur nicole in the memoirs 
of the French Academy of Sciences for the year 1738, 
pages 99 and loo-. See alfo maclaurin’s algebra, 
Part I. the fiipplement to the 14th Chapter, pages 127, 
128,, 129, 130; and the Philofophical Tranfadtions, 
N°. 451., 

51. If any gentleman fhould be inclined to compute 
the feries 2 + — - d2L. + _ g^c. to more than four 


terms, he will find the firft eight terms of it to be as 


follows, to wit, 2 + — 

a, 3 58,51.2/^ 120^646,960/^ 

1-^29, 140, 163/=^ 8, 1 35, ^830, 269^’'"^* 


20/ 308/ 111,826/'^ 

243^*^"^ 63 6 If?* 59 ^ 49 ^^ 4?783J,96g/*^ 




[ 950 ] 


XLIII. Account of tbs Acfoantages of a newlyAnvented 
Machine much 'varied in its EfebJs, enA veiy tfcful 
for determining the perfe&f Proportion bcyivcim different 
Moveables adling by Levers and Wheel and Pinion. 
■By Mr. Le Gerf, Watch-maker at fjeneva; Conmiu- 
nicated by Lord Vifeount Mahon, F. R.'H 


jJlead July 9, 1779. 


'Ito SAMUEL HORSLEY, LL.D. S, R, S. 


S I R, 


Harley Street:, 
'IMarch t% *77$, 


TT A VING received from Mr. le cerf, watch-maker 
**- -*• at Geneva, two inltruments of his invention, with 
the annexed paper; and being defired by him to prefent 
them to the aoyal Society, I take the liberty of fending; 
them to yon, as fecretary of that Icarocd Body. 1 have 
penifed this interefting treatife, which contains fome 
new and valnabk: tho^hts;;npon the relative Bze of 
wheels and pinions tyorSbig together; and this being 
one of the things of the moft general ufey with refped 
to the improvement ' and eafy exeention of docks, 

'Watche^ 



Mr. LE CERE on a new-invented Compafs. 951 
watches, arid all kind of wheel machines, this paper ap- 
pears to me to he very worthy of the attention of the 
Society. It is to be regretted, that the author does not 
enter into a greater and more minute detail upon the 
fliape of the working-teeth, See. as this, in my opinion, 
will, in feveral cafes, materially affedt the very limple, 
general rules which he has elegantly laid down. 

Iam,siR,withtrueregard,- 

Y,our very obedient, humble fervant, 

MAHO'N,- 

§' r. "I 'HI S naachine may be called a comijafs of geo- 
metrical and mechanical proportion ; its pro- 
perty is to refolve a great number of problems analogous 
to the theory and praftice of watch-making, in a man- 
ner which is at the fame time very evident and infinitely 

more 


Defcripiion d*Mne Machine de noievelle Inveniion , . atijji variie dans 
fes Bffets que fiicejfaire pour determiner ks parfaits rapports 
enfre les dtferens mobiles agiffans par Levkrs et par Engre— 
r 'Mageski:i>^ar Monjteur JiA, 'Gerf; , Morhger d 'Geneve. . 

I' I. aji^(rtier''c!«t:tj||«iacWrie,\eomp^^^ de^pf<3|>o5ftipa gfiometri^pP^.cti 

' ' ■ m&hariiq'us," pais pi-ftprietl, 4e' 'rfefiiucire' ane, ■' 

proUemes analogtics S;.ia Aeoric ct z H p&tJque dc waniei'is 

"" ''' : taezo,- 
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more convenient than the mode of arithmetical calcula- 
tions. 

§ <1. The compafs of jproportion here treated of not 
only lliews the proportion of th.e diameters between the 
wheels and the pinions, but ferves to determine every 
fpccies of proportion of the calibers, of the ilze of pivots, 
width of pallets, bignefs of cylinders, and ing;eneralof 
whatever is an objefl of dimenlion. In every cafe it af- 
fords a prodinSl, either in unity or fra6lions, as perfe^: as 
the application of it to the mechanifm we are confider- 
ing is eafy. 

§ 3. Nothing therefore can more conduce to the per- 
fection of watch-making than an initruraent which im* 
mediately determines all the dimeniions and proportions 
required; dimenfions and proportions which could not 
heretofore be obtained but by means fo long, fo labo- 
rious, 


tre$ ^vidante at infinimctit plus commode qua par Ics operations du cakul. 

§ 2. Cc contpas de proportion dotit ce memoire fait rolijat, decide non faute- 
inent du rapport desdlaffietres entre tes roues <;t Ics plgnons, awia encore il fert 
a detenniner toutes fort«r da proportions, foit dts calibres, grolleors dcs pivots, 
largeurs dcs palettes, grQffeot:#,,^s,^4in(lrcs, ct gcnepkincnt dc tout ce, <],ui fail 
objet dc dimenfionj i|i donnti dan* toos 'les' cas, lint par unites ou par fra&ions 
un refultat aufli parfalt quo facila a appliquer au inedianifinc en queliion. 

§ 3. Rlen tie nous paroit done plus intercflknt pour la perfeftion do I’horlo- 
gerie qu’un femblable inftrunient qui determine for k clwmp toutes ki dimen- 
fions et proportions requifts quo I’op, iie pouvpit jufqu’a pr^fcftt: obtewr que par 

' . ■■ ■ des 
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rioiiSj and fo imperfe<a, that it is they ^vhich haire pro- 
bably given rife to a general relaxation with regard to 
the true principles, and to the adoption of rules and mea- 
fares arbitrary, vague, and which produce very confidera- 
ble errors : fuch, for inftance, is the "ei-ror of taking a 
little more than three points of a tooth in order to de- 
termine the fize of the pinions of fix, without regard to 
the revolutions which the different numbers of the teeth 
of the wheels produce. The confequence is, that an 
equal meafure being taken upon a wheel of i8 and 
upon one of 7 a teeth produces a variation of one entire 
revolution, as will be fliewn hereafter. 

§ 4. For inftance, the pinion is the divifor of the 
wheel as well as that of the circle, each tooth -of which 
is to raife its required proportion of degrees. A pinion 
of fix is to raife 60° per tooth beeaufe 6 k 60 -360; one 

of 


'dcs moyens auffi Iong$ qtae pcnlblcs et ImparfaitSj et qui vraifcmblabkmcnt oat 
Atomic Heu a mi'rdaciicment general far les yrais principcs, en fuivant de$ regies 
-ott mcfiiresTiiiffi' vagncsqifarbitralreset.qui ijicnentides’crrcurs tre«'confidera* 
bles; telles font, c«lle$ de prendre m pen plm quo trois' pointer 'de ■iept ‘ poor 
determiner la groffeur des pigaons dc'fe fans diftinClion desA*e\?dktions qnc pro- 
■dnifent Ics'' diffcrcas nombi’cs de!dehts dcs roues, Par coaicqacntla menae mefiirc 
:'prife Tone' de ' .i8>caiBm€ fur cdto dc .f% dent% prodnit uBe^eeart 

^d’ane reyolutton:eiipidrc,,toinfi, quo Iton FeK-piiqmera ci; 4 pfl«.’ ' ' ' ' , r;' - 

§ 4, Par e«mple^ le pignoii eft le divireur^de'la'roue aa'ftt'bien^qe^’eelui iu 
cercle, ' dont chaqtie ailc doit lever f?i .portion it dlgrcs 
,;Von. /LXVIir/ ■' ^ 4 C ' ■ "''^6 doit 
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of fevenis fo raifc 51° 25 j and fome feconds; one of 
eight is to raife 45°; one of ten is to raife 36^: finally, 
one of twelve miift inconteftahly raife 30° per tooth, 
fmcc 13x30 = 360. 

§ 3. Amidft various methods that have been iifcd for 
the folntion of this impoi-tant problem, I lhall mention 
only the moft fimple one which may be iin<lerftood by 
thofe who have the very firll principles of arithmetic. 

§6.1 fet in motion two wheels, each of twelve teeth. 
By making one wheel tnrn the other, it is evident that 
thefe two diameters miift be pcrfcaiy equal between 
themfelves, allowing for the ncccffary llrakc lictwccn the 
teeth.^“^ 

This fl'iahcMs vdiyfinconiulcral^Ic, crpcciatly when the inmon and ihc rectli 
of thc'whccl are properly opened; forjaccordiiif^ to my exjKainientSj, ihc (kdu£!:ion 
to 'be made on this, account. is reduced to the y6th part of iho circimifercncc of a 

pinion 


6 doit lever par aile, parcc quo 6 x 60=^3605 im dc 7-doit lever 5 2.55/ €t 

' quchjtics 'fccondess tui de 8, 45'’.; ccUii dc to^ ciifm un pignon clc i2| 
doit incontidlablcmcnt lever 50'' par ailcj puliqnc 12x30^:360.. 

§ 5. Kntrc divcr/cs r¥*>,Ies que Tmi a rmployecs pour refoudre cci important 
proldcfiic; on fera inention feulemcnt dela phis funple tl: qui fc trouvera a la 
poitec tic i'cuK <|iii auront Itjs pitmicrcs notions dcs clemcns dc rarithmcrHiuc. 

■'§. 6 d Sfrje faisTan£l:ioiUicr par'engrenage dcaxnioMIcs chi mcuic nomhre^ qiic 
Jc fttpppfe/'cii? 1:2 dents chaewn* il eft elair que ces deux diametres doivent Ctre 
parfaitement dgaiix cmrcu.t (aw locliemcntprcs qid cxigc tout cngreiKigc Libre 

Lochement jfe pcu,tk‘'Choftr, fur tour quand k pqptoipi ct hidhniare font 
fuiikriidcitr pointy car 'fyiwht Pcxpw’knce 'que jkn faite, cc.ttc; coiifidcriwich'c' fc miuit a 
wiuc riptnir » uo *'j6« fiS'wonf&'eaec' 4*dii |ngnon'd«'''i?, .r|ui prcklait hi Coininc 'cPimc 

''q'v; , : ' . ' , ■' ' . dtftt 
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§ 7. It will follow from henccj that thefe two movcia, 
w-hich we will fuppofc wheel and janion, miift redpre- 
cally raifethe 30° required; but if you incrcafe one of 
thefe fo as to make a revolution more than the oihcr, 
which is fixed at 1 2 teeth, and at one line diameter, this 
lafl will indeed have 24 teeth; but iiiftead of two lines 
of diameter it will have only 23 and relatively 
to that of the pinion ; or if we give .it exadly the double 
diameter, it wdil have 25 teeth infeead of 24; confe- 
quently upon three revolutions, or 36 teeth, one mitft 
fiibtrad from the wheel a and ~-th of a line, and fo on 
as far as 1 2 or rather 1 1 effective revolutions (tor the fuit, 
being fuppofed to be in equilibrio with its pinion, ought 

pinion of 12 which produces the fiuii of the 8th part of a tooth upon the 
wheel let its number be what it will. 

not 

§ y* II fiik dolii cpie ccs deux moliilcs que nous .fuppoferons roue ct pignoii 
doivent !ovcr rccsproqueincnt Ics 30^’ requis; niais fi Ton iiugmente Fun de ccs 
mobiles iWmi: revolution tic f autre' qitr eft fixec a 12 dents xt une ligne dc dia- 
fucti’Cj cc ucrnifcr aura blen 24 dcntjij . mals au lien .do deux 'lignes dc dianictre il 
iFauraquc relativcrnciit aceloida pigaon^^ on bicn fx on luidonne cxa&o'mcnt 
Ic double cn'diametreJl auj-a 25 .dents an liea,..de 24^ parconiequent ' fui; trois. 
revolutions, foit 36 clcnts^ il cn/faiidra rctranchcr dc la roue^dc ligno^ ainfi d* 
ibitc j'ufqiFd-i'a i'ou bkn'ii rcvolatiom elFcdtivcs) parce que Iaq>rcmicre etant 

tknii: fur, 1 , 41 roHli,(le tel nomkrc qu’ellc, foki |X}ur rendre'les judes rapports ,<l^uiraid: 

plus compIctSj j‘ai fait entrer tout d^uu terns 'cetre petite comp'enfatinn faveur du^, i4«hi|6qui 
in0ue clans Im dim'ettfn)»s,clc"m6«i compas eu quefBoa/ 'poib. rQU$ dcs 

imiih et pighons qitekomnirSi '■ _ 

. ^ ,, . ' 6 C t " f, /w, mim 
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not to be reckoned). The wheel will then indeed have 
144 teeth, or i a x 1 3 ; bnt it will only have i:;i times as 
much in diameter, that is, 1 1 lines inftead .of 12, in or- 
der that the angles of thefe two movers may always be 
in the fame pcrfed; proportion, to one another, of which 
the precife railing of 30.° /vr tooth is one of the moft 
convincing proofs. 

§ 8; In order to make this more intelligible,! fay that,, 
as the primitive radii ought to be equal between thefe 
movers,. a pinion of fix wings, being a line in diameter, , 
requires the taking off of one fixth, to take from it what, 
is ttfelefs ih its catch; this is what forms the apparent 
diameter. This dedu<ffion will reduce the primitive ra^ 
dius of thiS' pinion to |ths of a line; for as its revolutions' 
aboutawheelof i ateeth are as two to one, what is to make 
the radius of the wheel for the fii-ft I'evolutioii will be 

equal 


cenfw lairc c(iuili[)rc aveefon jiignon nedoit point entreren ligne de coniptc) 
la roue aura hion 144 dents on tzxm* Maid die n’atirft qu’onsso fois autant 
en diamotre, e’eft u dire onze ligncs ;m lieu dc dotrzo, pour ique les angles dc ccs 
deux mobiles refteot roujours dans Ic mhnt ct patfait rapport, doatlajuftckvfe 
do par aile eft unc des preuves laplus cemvabcantc. 

§ 8. Pour rendre ccci plus intelligible, nous difons- quo conimc Ics rayons 
piimitifs doivcnt etre egaux entre. ccs mobiles 4 un pignon dc fix ailcs qui aura 
une ligne dc diamStre exige Ic retrandjcment d’un fixieme, pour luidtercc 
quil y a d inutile dafiS'fop cagrenage^ e’eft ce qui forme Ic diametre apparent j; 
ce ratraiicliement reduira le rayon primitif de cc pignon ^ 12 3 bit a I de ligne, 
cai comnic fes revolutions autour d’occfoucdc is, dcuts batconsme a a i, et ce 
■ ■ ■ ' ' .. f ■ ■ ^ 
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equal to this in —tins, or one line; but for a, 3, and 4 
revolutions, and fo on, one muft add 4|ths of a line to 
the radius already laid down, for as many revolutions as 
the pinion muft mahe more than the wheel, a wheel of 
12 teeth will confequently have ~-ths of a line radius or 
diameter; one of 18 teeth and xlths; one of 24 teeth 
||ths, and fo on. 

§ 9. The fame thing holds, true in all the other 
pinions, let the number of them he wHat it will, where 
the fame rule is to be ohferved. Thus upon 10 revolu- 
tions of a pinion of i o one muft deduct from the dia- 
meter of the wheel one diameter of the pinion; .as many 
upon eight I'evolutions of a pinion of eight; upon feven 
of a pinion of feven as many; upon fix of a. pinion of 

fix 


qui doit fake Ic rayoo' <lela roue pour k premiere revoiiition fera egal a celui ci 
euvU clorirdemcaibk'iineligric mais pour 3, et 4 revoliitious ainli dc fuite o» 
ajoutcra lo.dousri&ies dc ligue avt. rayon deja^poie^, pom* autant de rcvolutioa' 
quo devra fairc Ie,,pignondc plus que la roue; ainfi une roue de 12 dents aura 
de rayon ou dc dlamStre'22 clouziemcs.'de]ignc^ cellc de iB* dents 32'dou2iienics^, 
de .24>, 42 douzicines^ &c* . ' " ^ 

' p*' II ek eft dcjto^me dC:tOUs lesautres pignons^^ de tel nombre que ce 

cm’il fautobfemrla, mtoe r^gk^.ainfi fur iq, rerolutions^kn'pignon dcvi-o- 
on retranebera dii.diamctrc dek roue uue fob, celui dupignon; fur B rdv-olu'dons 
dkm'pigntodci autantj Jur fept'd'uu pigudadc-7''a«unt|' for'fctftopigUQn 
' ' ' . ' ' ' ^ ,, ' . ' ' d«.,. 
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iiE as many; and lo on npoii all the movers a6\ing by re--’ 
volutions aiul tcctli. 

£ no. Tb,is toiillaist variation of tbc diameters ir. tiic 
pronoilion of tlic revolutions of the pini(5u nr-on tbe 
%vhcel, is a diicovery fo much the more iirirnrtant 
towards determining, with greater calc, the ebae y^ropor- 
tion between the wheels and the pinions, tlrat it fellows 
gradually, in the moft perfea: diminutive order, all the 
numbers and magnitudes of any diameter whatever; a 
lingulaiity of efl'ca which fliall be accounted for in ano- 


ther place. 

§ 1 1 . The diameter of the wheel mull of necefllty in- 
ereafe in a ratio of the aaual revolutions of the i>inion, 
and not in that of its apparent diameter; fince w'c arc 


coiiiidering the worhing parts ot w'hcels and pinioi^s, 
where the angles, relatively to the change of the curves 

and 


de fix auunti ifinfi du.rcflc dc tons Ics mobiks agillkiK pur revolutions U 

'ciigrciiagcs* , 

' ,$ lo.' Ccif:e,coaaame^Tariete,dcs cn miibo iks revohitiam diipg- 

11011 ilir la cSft 'OdC' clcc0iiv<2rtc, ijiiporiaiiic pour dctcriiiiitiif 

ayce k plus grande facility ct’pr&ifion k juflc rapport ciitrc roue ct Ics pig- 
UioiWj qukdle fuit graduellcnienr dans' Ford' ^ diiuinytii Ic idus parfait tops ks 
liombfcs ct grandeurs de quclques diaitictres que ce foitj fmgularitc dkflets dont 
nous rciKiroils compteailleurs, ' , , 

,§ ij, .Lc diametre dcla^ roue doit 'necefRurement ^augmentcr cn ralfon le* 
eiledtiyes da' pignon ec noii^ en' raifon c!c fon diainctre apparent puis 

, '■ . ^ 
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and the circumference, muft be reciprocnlly in the fame 
proportion to operate conftantly the degrees of raifnig 
which are required. 

§ 12. One may cafily conceive, that the teeth of a 
wheel become conftantly more jiarallei to each other, and 
aj^proach to the ftraight line, in proportion as the num- 
ber of them increafes, the depth in that cafe need not be 
fo great, and the curve being ihorter is more favourable 
to the uniformity of the fridions than upon wheels 
which arc few in number; this is what mott commonly 
happens to pinions of ftx, the numbers ofwhofc wheels 
hardly ever exceed 6o or 7 2 teeth. For if in the ufijal 
method of uling a pinion-gage one was to take u]K}n a 
wheel of 12 or 18 teeth a little more than the three 
points (which points from the nature of their angles 

U'OLlld 


(jiril tFun engrennge oii Ics angles rclativcmcnt an cliangemcnt ties conrbes 
ct^lc la circonfci'cace doivent « 3 trc 'rcdprcKiuinKui dans Ic nicmc rappoit pour ’ 
ctpa’cr conftauiuicnt 1?:$ degres dc levees requis* 

§ i:2» II eft facile cte comprendre quo lc,8 dcrits cFunc renu* dt'vienncnt/totijoa'rd 
plus paralcllcs cntr’cllos ct s’apprbchcnt do ia ligne. dmhe a lucfure 'que Ic noni" 
bre ill eft ct^moins^alors rcngrcimgc dc penetration, Ja ‘courbe 

ctantplus^ courtc dcvieiil: , clans cc cas plun. nvuntageule cn favour dc funiformitc ' 
des frottcmciM, que fur dcs roues pen nowbreufis, e'eft ce qul'cf ordinaire arrive ' 
aux''pigno0S dc fix, doni ksnambres vies roads ■ no jiaflont guercs^fio et 7a dcnf% ■ 
hcn Carfi'par k'mcdiode ordinaire avee un calibre''aq5ignon 00 prc,nbk -fiir. dne ' 
roue dc i'2 dents ou de 18 un pcuplus que.lci^ vrols pointes (qi2e.pap;k nature, de 
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would bitch into the three teeth at one and the fame 
time) fuppofed to be in due i-)roportion with a pinion of 
fix, and that afterwards one was to make ufe of the fame 
meafure upon a wheel of 4a teeth, the natural coni'e- 
quence would be, that this pinion would be by iths, or 
half its diameter, too big. 

§ 13. A pinion of feven, fuppofed to be of a proper 
bignefs, with a wheel of ai teeth, would according to 
the fame meafure of three, full teeth taken upon a wheel 
of 70, be too big by its t^holc diameter, infoimKh, that 
•■the wheel inftead of ,70 teeth ought to have but 63, See, 
Though the fuperior angles, that is, the drcumterence 
of the wheels from. 1 2 to lao, and wbovc ad 
.relatively to the fize of a pinion given according to our 
rule, are and ought to be invariably the fame ; the lower 

angles, 


Icars angles embrafferoient tout d’un tems les trois dents) cjuc Ton fup- 
■ pofc en jufe rapport lavec un pignon dc lix, ct rjue ton voulufle fairc ufage dc la 
jneme mefure fur une roue dc.4a dents, il cn relultcroit cvulemmenC quo cepig- 
non fe trouveroit de | foit dela niokic dc fon diainetrc trop gros. 

§ 13. tin pignon de fept qui feroit par fupi>oliiioa dc jufle groffeur avec vine 
roue dc ai dents fe trouveroit, felon la meinc mefure dc trois dents pkines, 
prifes fur une roue de'*70 trop gros de fon diamdtre pnticr, dc forte que la 
• roue au lieu de 70 dents n’en devroit avoir que 63, &c. Non obftant que les 
angles fuperieurs, foit la circonfcrence des roues > depuls 12 120 ct au delTus 

ijufqucs ii rinfmij relativcment a la groffeur d’tin pignoa.donnc foIon'n|trc regie, 
, ; 6 .. .. • 



^’Proportion Compqfs, 961 

angles, that is, the thicknefs of the teeth, are yet ex- 
tremely different in every wheel. 

§ 14. For inftance, all the wheels from, is to iso 
being Hoped and rounded with the fame file, the teeth of 
the wheel of 48 are half as thick, again as thofe of 1 2, 
&:c. In proportion as the paraileiifm of the angles iii- 
creafes, the teeth of courfe become larger and fuller, 
and each tooth confequently always exceeds the inter- 
mediate fpace in the fame proportion, and gradually as 
far as the right line. This, in my opinion, determines 
the proper fpace between the teeth of each wheel, whence 
follows the curve, equally conftaiit and advantageous in 
every refpedt, both with regard to the execution and to 
the uniformity in its lead on a pinion fuch as this, the 
thicknefs of the teeth of which is a fixth pait of its dia- 
meter. 


foient €t doivent etre Invariableoicnt les Ics angles infyricurs foit 

fepaiffeur dcs dents, font cependant a diaquc tres drfferens* 

§ 14. Par cxemploj toutes Ics roues depuis 12 jn (lines a lao utant eflanqiiccs 
et arrondics avccU mcme lune oufnufc, les dents dc la roue dc48 (ontlanioirie 
plus groffes ou plus dpalfles quo celle dc la, a'mefureque k paialklifitie dcs 
angles augmente^ ks dents deviennent imturetlcmeiit plus gruffes ou plus ^toffies 
(ec Ic plcin par confc'qucnt'excedant touj-jurs'lc vui<.lc dans la in cme proportion it 
graducllcnient jufepda la Hgnc droite)* Ckfl la qid cfl a nion avis le vral point de 
vuiclagc graduel de chaque roucj dku fuit natureUemeiitlakourbc au® conftante, 
quklle rue paroit la plus advantageuic a tons egarcls, fqil^ dans^ Fcxecution, 
dans Ikiiiforaute, a peu clechofc.pres, de U menee/or' un pigs^on tel *^41^ eekl 
ci, dont Fepaiffeur des aiks eft k fixicrac particdcffon\diam6tre| toufeomme 
^ Voie. LXVIIL ' ^ . 6 Ikxcedam 
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meter, juft as the excefs of the primitive radius or true 

<liameter is the fixth part of its apparent diameter. 

§ 1 5. According to this demoiiftration, founded upon 
experiments, and which I am able to make out clearly, it is 
eafy to fee what errors muft have crept into clock-making 
by the old method of taking for the pinion of lix three 
or a little more than three ijoints of teeth; for pinion of 
feven, the three full teeth when finiflied ; for pinion of 
eight, the three full teeth, and the void fpace as far as. 
the fourth; for pinion of ten, four full teeth fo as the, 
wheel comes out of the engine (the making of which 
has Iritherto been trufted to women, children, and fer- 
vants); finally, for a pinion of twelve, five points of I’a- 
ther ftrong teeth, %vith the fame arbitrary formality,, 
Thefe methods, I muft repeat it, are only fit to perpetuate 

mifun-' 


du, rayon priioltif ’ foil diam^tre vraij> eft la fix,iemc partic do fon dia* 

' metre apparem*^,^ , 

I 15* Sebo ccttcd&Bonftratba fur lies prliioipcs d*expcricnco ct dont 
OB peut donuer 'cles'prcuves ^vidcntCK^ il 'oft aifi de voir et dc fentir a c|i:icl €x« 
treiBc,erreiir cea ufageS'Cnt expofe riiorlogcrie a pr^ftot oi Ibu a fahi- 

conftamniciit ,!'aDcicime m^thodedc prendre ptuir pignon de Ics udb mi peu, 
plu*? i|ue ks trois pointes de le$ aulres k» trois 'poinies jitftcs; pour pig-*- 
non de 7 Ics trois' dents plcirics ta'd^nture finks pour pigiion ck'8 tea tro,is' dentSs 
pleines ct le vuidejufcjues ala<j'uameme|.'pour pignonde x.o^c|u«itre dents- pbincs. 
telles c|ue !a roue fort da fcndage^' lequerjaftjuea ''a prefent a et6 conlid' aux;: 
femmes^ aux enfans ct meme auxtervafites^ Sec* Khfw f our.pignon de' 'cmq 
poiiitcs ih ihtm mx peu fortcd'avcc'kmemc formally arbitmire^ iikdwdes.noas..' 

' ' ' 'V"k 
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mlfunderftanding and divifion upon the manner of 
fixing and afceitaining the firft principles of watch- 
making, 

§ 1 6. Nothing therefore ought to make ns more fen- 
fible of the want there is of oiir compafles of propor- 
tioDj than the confideration of meaftircs as ridiculous in 
themfelves as they are impoffible to fix; there is no pro- 
portion which can be fixed (except it be by mere chance) 
between thefe movers not even within fo much as eight 
or ten degrees of rife per tooth ; whereas by our ma- 
chines, whole utility and the manner of making ule of 
them is comprehended at firft fight, one may come 
within a quarter or even an eighth of a r&per tooth, or 
nearly fo. 

§ 1 - 7 - 


le, repetons toot' a fait propres a' perpetuer Ic fehifme^ la nies-intclligcnce* et 
Fcrreiir fur ia manicrc'propre k fixer tes vrais et premiers principes dc rhorlo-^ 
gede* 

§ i 6 « Ricn, nc devroit done mieux faire fentir la ncceflitc non conipas c!« 
proportion que dc$ methodes do mefures auffi ridictdcB par dk;g , menwsqafim- 
propres li fact aucuii jnfte rapport ■entro ‘ks mobiles cn cpicfiiooj pas 'meme 
a S et'" 10, ,degr€B do levees 'pres par ailoy fi, non par FcfFct du, pfir 
tanclit qu€ Fon pem^avee autant de prccifion que dc facility par nos'furdkes 
clli^saH^rjufqubii'ctineme^^^ (oh.J§ minute m degrade levde par ai!e pres, 'et 
lew' uifage'et 'la dc fervir eft an premier, 'coup dkieil ,fi , 

coiuprcndre qtf il kroit' fort i'nwik dkntrcr date "m 'plu$'grand', detail,!'# 

6'D' z '' i'tj. 
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§ 17. It is not fo eafy to adapt thefe principles to our 
machines for all forts of pinions, numbers of teeth, and 
fizcs of wheels, and generally to whatever afls by leverj 
or wheel and pinion, or whatever is fufceptible of rela- 
tion, dimenfion, proportion, and com])cnfation, from the 
firft to the laft movers of a watch or clock ; tor the leaft 
fault, either in the fyftcms or geometrical principles, or 
the mechanical execution, is as fatal as w^ould be the put- 
ting down a cypher too much or too little in the folution 
of a problem; and the more fatal the more complicated 
the machine. 

§18; 


§ 17. II n’en eft pas de nicrae fur la manicre d’adapter les fufdits principes a 
nos machines pour routes fortes dc pignons, do iiombrcs et grandeurs do roues, 
ct gencralcment fur ce qui agit par Icvicr ct engrenage, ainfi que fur tout cc qui 
eft fufceptible de rapport, dimenfion, proportion, ct cotupenfatton rcfpciftivcs 
depuis les premiers jufques aux dcrtiiers inohiles d'une niontre ct pendulci 
nous favons par cxpericftcc combicn de dilfcrence il y a entre Ic maniement dc la 
plume ei du papier a celui dcs inftrunicns uieduiuiques dont la conftruflion, fur 
tout pour de fcinWablcs ohjets, cxige la plus haute comliinaifoii dans fe.s parties, 
aufli bicn que la plus gramic precifion dans rapplication dcs principes theo« 
riques; car la plus Icgerc lame, foit dans ks fyftcmes ou principes 
gfomltriques, foit dans i’lxccution mcchanlque, eft auffi grave que li Ton 
pofoic upcbiffift de plus ou de moins dans dcs folutions problcajatiqucs, a cette 
difference pris, que la deraidre fera biea tnanquer le juftcrefuUat, tout comme 
la premiere, itiab que de plus ceUft ci induiracn erxeur, fiiivant la complicatipn 
de&objcts, jnfqucs.li’infiBi. ' 
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§ 18. The confideration of thefe difficulties has 
I'Cilaced me hitherto to keep filence upon the general 
coiifh’iufdon of thefe inftruments; inftruments, in my 
opinion, abfolutely neceffary for the conftrudting of 
movements, fets of wheels, and motions, either rough or 
iiniflied, according to the juft proportions. 

§19. But I make bold to fet dhwnj as a fundamental 
proportion, that the true fize or relation between a wheel 
and its pinion is abfolutely fixed ; and in no cafe whatfo- 
ever arbitrary, as thofe who are not watch-makers- might 
pretend : for all the reafons which can be affigned in fa- 
vour of this arbitrarinefs would be as vague and deftitute 
of foundation as if one was to conlider arbiti'arily the 
true gradation of a fteel-yard' relatively to its weight, or 
the length of a pendulum which fwings feconds, whereas- 

the 


§ 1,8. La confide ration c!c CCS difficultcs - nous a reduits juf(|iics k prefem a 
garde, r le filcnce fur la conftruftion gcncralc cics cos macliincs dc^enues felon, 
nous indirpcnfablc^ pour cllrigerxt conftruirc des inouvcmens^, rouages ct ca.* 
diaflurcs 'bruts ou fmis felon vraies proportions rccjttifes* 

19, JNoiis ofons done ctablir pour principefondamenralj que la jufte grofcur 
fait je paifait rapport entre one roue ct fon pignon ct incontcftab'leiiiejnt 
abfolus et non arifuraire, dans aucua cas, ainfi que tons autres que dt$ hbrlogers,. 
pourroient 'le prctendrc.5 car,toutcs !es raifonsquo Fori ppurroimt allegnet en 
favcur.de. :cct arbitraire^ ' feroient auiB vagucs et'deftituecs clc, fondenient que'fi' 
Fon envifagcait arbi trairementia jufte graduation d*une' Ebmalne' foit Le,vr#;/re:'!a*r- 
tivewent ' £l fon poid, ainfi que la longueur dn pendul a fecoiide^ ifand»':qne ce/ 

' ^ ' ■' ' ■ ' detnier; 
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the latter is fixed by nature and the general laws of gra* 
vitation, and its vibrations are in the inverfe ratio of 
the fqiiare roots of the lengths of the pcnduliini.s, which 
Ihould be neither more nor lei's tlian 36 inches 8 and 
±ths of lines from the point of its ili:li)cniion to the cen- 
ter of the lens, Sec. 

§ 20. I have already faid, that each pinion, of what 
number foever, ought to raife its prccii'e portion of 
degrees, in order to operate in the moft uniform manner 
poffible its required revolutions; confcquently, each 
tooth of a pinion of fix muft raife the 60” which form 
the aperture of its angles. 

§ a I. Let us fuppofe this pinion to have one line dia- 
meter, and the wheel which turns it to have 10 lines 
and 7a teeth; then if, inftead of a line which is the due 

lize 


dernier eft par la nature foit par laloidcla pakiiteur, et que fes vibrations 
s’ex&utcnt dans la rapport invers dcs racincs quarr&s dcs longueurs du pendul, 
qui doit n’avoir ni plus ni moins tjuc 36 ponces 8 et f de lignes depuis Ic point 
dc fa fufpenfion jufques au centre dc la lentil Ic, hz. 

§ 20. Noiisavons deja dit quo chaque pignon, dc td nombre que ce foit, doit 
lever fa poraon prccilc de dcgr& pour Oixircr le plus uniformcmcnc poffible fea 
revolutions requifcs, par confeCiuent diaquc aik d’un pignon de 6 doit lever Ics 
60” qui ferment I’ouvcfture de feS angles. 

§ 21. Suppofons ce pigiion d’une ligne de diiainetre ct la roue qui forme fon 
engrenage de 10 lignes «t de 72 dents, alors ft au lieu d’unc ligne qui eft la 

... "inft* 



Proportion Compa/s. , 967 

fize of the pinion, we give it the twelfth of a line more 
(which, accoi'ding to the rule of common meafiires, 
would be imperceptible, fince there is often much more 
diftance between the extremities of two oppofite fyftems) 
it is evident, that upon every twelve revolutions there 
would, be one wrong, confequently fuch a wheel of 1 2 
revolutions would, according to the right rule, inftead of 
7 2 teeth requhe only 66. 

§ 22. If then a pinion of fix, inftead of raifing 60°, 
fliould raife 65°, there will not only be 30° in every re- 
volution of a pinion entirely loft with reipefl to the ex- 
pence of the moving force, but the extraneous frictions' 
go on in a continued progreflion, ad infinitum^ till a ftop- 
pageenfues, and this fometimes after a long feries of irre- 
gularity from the very beginning ; a thing not at all fur- 

prizing,. 


jiiHe groffeur dc cc pignoBj, on Ini dbnncj line tlon/Zimnie de lignc c!e plus (qu'i 
febn la niglc dcs communes mefures ftroic imperceptible puis-cp/ entre Ics' 
deux extremitev de diverfes' opiuions ct , il-y, a'beaiicoup plus d* Icart 

encore) it, eft widens que fur la revolutions ily cn auroit imc dc 
foit um fois ik fun diametre^' par confcqiicnt nne tcllc roue dc W; revolutions an 
lieiule 72 dents^ n’en exigeroit par k bonne regie que 6fn 

f aa# .'Si done un pignoii do 6' au lieu dc lever les 6 q^ cn jeve .65?, il y aurji- 
30*?, par„cbaquC’rlvoli:itian du pignonj non (bukiiKnt' cn pure pcrtc'cpanci*ii k: 
dei'^cnfe dc' la, force iBOtriccx mail les frpttemens etrangciiS'::foi,tarc|>outemeng 
mentent tofijours par progreflion a Ilnfmi jufqucs; i c«qu«, IkrrSt et 
qptlque fois aprb unc langpc,fiiite d’irrdgularuls'depuii:&nai|ftne%f?;0 

' , ’ , /' ’’ ' etonnreai 
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prizing, if one coiifiders the defcAuofity of the princi- 
ples 111X511 which the greater part of tliefe machines 
are conftru<51:c<L 

§ 33. I.et ns reckon only a’ more of rife /);’/■ tooth, 
we ihall find between the four pinions (that of the cen- 
ter of 10, and the three of 6) per hour, which in 

30 hours form a lum of loft labour for one complete 
hour. 

§ 24. Who does not fee that fuch an irregularity in 
the combination of a machine intended to mcafure time 
muft be the more prejudicial, irom the impoffibility 
there is of eftabliftiing any fixed rule with refpedl to a 
juft and indifpenfable relation between the movers and 
their reciprocal a61:ions« 

§ as. A pinion which is too fmall in proportion of the 
diameter and divifion of the wheel will not be able to 

raife 


ctonnrea pas, fi Eon confidcre la ddfeituofu^ tics principes fulvant lefqucls la 

plQpartdc ces machines d’hoflogerie font conftrmtes. 

§ 22. Que I’on totnptc fewlcment deux degres de levee pat* alle dc plus, on 
trouvera entre les 4 pignons (celui du centre de 10 et les 3 aatres de 6) 8780” 
par heure, ce qui forme dans 30 heures une fomnic dc pelnes perdues, pour unc 

heurc coilipkttf* ( " ^ /' 

§ 24. ',Qiai ne fent quk:n t€'t few la combi maifon d\mt madiinc deftiiee 

pour mefiirer le temps,, doic ctre^d’autanit plus prejudiciabk «juc foa oe fawok 
jamais dtaWir 'auciioe r%l© -eO favour d^,uojyfte! ct inclirpeafablc rapjwtj 
eutre la mobiles et kura a'Sbm^TeGipr'cqueat 
§ 25, XJn pignon trop petit en ridfoAdu dkmtocctieladmiioade'lafoiie 
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raife the required degrees, becaufc the aperture of its 
angle does not anfwer to that of the teeth of the wheel: 
for inftance, a pinion of 6, which is -jUhs of a line fmallcr 
than the true rule makes it, will raifc only 55% when 
the tooth of the wheel has carried the tooth of the pi- 
nion as far as its extremity on the aperture of its angle 
allows, it is forced to leave it before the tooth which fol- 
lows is come to the fame place from whence the other fat 
off, confequently it fails 5° which are wanting to its juft 
rife; this is what occafioiis the precipitations of the ba- 
lance, which are fo difagreeable to the ear, that one is in 
much greater hafte to correal them than to prevent the 
retardations which, no doubt, arife from tlie other extre- 
mity; that is being obliged to make a forced rife, or a 
greater one than the true proportion of the diameters re- 
quires, 


nepourra lever les cicgtxs ' I'jarce qi'ic rouvortiirc ilc foil angle nc repond 

point ii, cdui dcs dcnw.dela roue; par.exeiBplCj^ im |>igfion de 6 de 'ck'ligmc 
plus petit tpie la ver-itablc'^ rlgkle'ifke^ to lewra que la dent doIa/rouS ayaot 
0K;ne Taile ilih'pignon auffrloin quefon €XtT6lintit« ou'roavtrttire dc fon/ipgle le 
pemietj, eft a)h!Jgc dc falmiKte'Hncn atant' qwC' failc 'iuivatitc aiTiwirtounemc 
place d-diVTautrc 'eft , parti '(te 'centre^^ con&pcut 

line chute dc 5^^ q«i n’jatiqu'.'nt a fa julle IcurCj, deft co qui caufc Ics precipita* 
ttoiis'do 'bakci'cier' <|iii chotiurnt'fi fort rcretllc/' Ckdl pduniwoi'On eft beaucQup 
plmiempreird'a le$ cofriger qida prevenir ksienteur^i^' floutc’ 

aent de‘Taiatre'extr6mitc,'parcdx|d^iant't)hlig^*de;'falm'und ’kvlc' 
grande 'que it juftc' rap|3feit'’'dcs,^diat*netre^’ 

„V6L* LXVIIL ^ ' 6 £■ ' ':.^wcteutcment 
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quires, they meet with aa oppofition occafioning this 
flownefs infinitely more prejudicial than the precipita- 
tions. 

§ 36. The difference then which there is between a 
pinion that is too large, and one that is too fmall, is, that 
the firft will occafion irregularities, but never a ftoppage; 
whereas the latter will produce both the one and the 
other: confequently, if one had no choice between thefe 
extremities of error, it would be better to declare in fa- 
vour of the fmalleth 

§ 37. Might it not withjuftiee (as an ingenious cloc:k- 
maker obferves) be obje£ted to us, how ufelefs a thing it 
is to determine the right proportion in the relation of 
the diameters, whilft the fame defed of proportion fub- 
fifts in a much higher degree in the general inequality 

of 


arcboutement qui occafionne cette letitcor, infmiment plus prejudiciable que les 

precipitations*' 

I 26. La aifference done qu’il y a entre m pignon trop petit o« trop gros eft 
telle, que le premier caufera Wen dcs in%ttlaritcs mais jamais d’arrets, au lieu, 
que k dernier produira l*an Ct I’autre, par confequent li Ton n’avoit d'autres clioix 
que ces deux cxtrtoitcs de vices, il vaudroit mieux fe declarer en faveur du 

plws petit* , 

§ a?. Nc feroit on pas fondd (comroc k remarque on horloger de g^iiie) I 
nous faire la kgidine objcaion, de i’inutiUtI qu'il y a a d6terminer lajufe pro- 
portion dans le rapport dcs diaroctres, tandis que le roeme vice de ladifpropordon. 
hbfitte a m plus haut point encore, dans Firrlgukrite g^n^rale de la divifidn des 
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of the divifion of the wheels which in our day has been 
carried to the heighth ? I anfwer, that to form to one’s 
felf a right idea of the important confequences of a true 
or falfe divifion of the wheels, it will be neceffary firfi; 
tb enter into rather a greater difcnffion, 

§'28. The true and juft divifion of wheels and pinions 
is, that all the teeth fliould be at perfedtly equal diftances 
from each other, or at leaft divided into fo many per- 
foftly equal parts, which is the fame thing. 

§ 29. Confequently, a wheel of 60 teeth forms 60 
angles of 6° of tjverture each; if then, for inftance, thefe 
60 angles are open at different degrees, that is to fay, 
one half only at 4 or 5% it is neccffiiry that the other 
half fliould be intermixed or opened at 7 or S'* ; we muft 
remember that each angle of the wheel, no matter what 

number 


roues, qui aujoiird*lmy eft portee a fbn comblcj nous repouclons que pour fc 
former une Juftc kicc dies confequences imporrantcs cle la vraic ou fauftc divifioii 
cks roues il convicuclrok'auqwavaut d^entrer dans' uu' detail uii peu plus coufi* 
ilerable* , _ ’ ' ^ _ 

§ La vraic et Jufte divifioudes toxih et des pignons eft que toutes la dents 
ailes, dojvent etreii clcs diftances parfaitcment'igalcs rune dc fautfCt ou bieu clL 
vlfees m autaut de parties parfaitement cgales, cc qui eft k mciuecho'fe* 

. I ^9*^,0130 roue'de ^6o deuts-p forme conKquemoieut^ 60 ' angles <le fix degres 
ilkuratiire chacuo, fi done paivexem pic ccs 6o ' angles font miverts ' a diff^rms 
degres, e’eft ^ dire la moiti€ feulement a 4 ct 5 % ' il faut niceffalremeo^t fku- 
UG moltid foil enircmfdee' ou dc .fuitc oirarte'I'^y or 8^^ rouddiC fe lappellet 

6 ’E a' '' : ;que 
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niimber upon a pinion of fix, imift operate in a mtitnal 
proportion the 6o° of rife by which the angle of the 
pinion is open; from whence it happens, that the angles 
of the wheel, open only at 5°, will raife only 60® above 
thofc of the pinion; but, if they arc oiien at 7”, the rile 
w'ill be of 70° inltead of 60°. 

§ 30. There are likewife a great ntinil)er of defers 
which are increafed two and three-fold by the iilhal con- 
fequences attending wheel-engines, the fmali tooth of 
which is conftantly expofed to become Ih otter than the 
large ones, in proportion of its fize. This happens in 
the following manner; the file, which is to romul olF, 
working on each fide equally, does not take more from 
the fide of the large tooth than it <Ioes from the fmali; 
confequently, the fmali one is lharp whilit the large one 
' fiiil 


que chaque angle dc la rond n’iinp'.nte deque!. nonihre (iir pignwi dt-fjx drlt oj e- 
reren mutuelle proportion Ics to” dc levees do ii I’aiigic; tin plgij.-n eft ouveit; 
d^ou fult qiieles angles tie la roue feukin^nt nuverts a 5”, u’opcren.nt <juc 50® 
lur ceux du pignon, uwis que sib font ouvei ts ii 7" ia hv& lira dc 70” au lieu 
de 60”, , ■ , ' ■ ' ' 

§ 30. Je no parlcrai paa d’un cqncoura de' vices qui fr douldc et fc triple 
pnr IVffet ordinaire des outib aux 'dentures, ou la petite dent eft cxpolet; a devc- 
nir todjours plus coiirtc que les groflls, en raiibn de b pet it-iri; tela arrive dc 
cette manicre, la litne a arrondir mordant des deux edids cgaltiiteni; n’emporte 
par plus d etofFe du ootc de la groffe que de la petite dent, par confequent it 7 X 
encore du plat fur la grofle qne lapetite eft deja poiatuc, il faUt necetrairemeftt 

raccourcir 
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jftill continues flat, one muft therefore fliorten the fmall 
tooth in proportion to the fize of the larger. 

§ 31. When the teeth were ufed to be finiflied by hand, 
there was great care taken to keep all the teeth of the 
flime length, even when it was impoflible in irely to cor- 
redl or take ofl’ their inequality: in confequence of, this 
care, the wheel at lead ufed to be always perfectly 
round; whereas when the tool is ufed, the wheels are 
unavoidably as ill-rounded as they are unequal in their 
diviflons, fo that the teeth ought never to be finiflied 
with the tool, unlefs they are thoroughly equally cut. 

§ 32. It is therefoi'e eafy to conceive, that the pinion 
becomes fometimes too large, and foiuetimes too fmall, 
upon the fame unequal wheel, and that the angle of the 

tooth 


raccourcir la petite dent dans la mCmc proportion cju’Jl y a plus de matlerc a la 
grolfe,. 

§ 31. Lots ks dentures la main on s'atuchok fuigrieuft- 

roent a tenir touce»;'k$ dents de la in&nc longnenr, mfinw lots nt pouvoit 
corriger on fcmedier i&cmmmit i-lcnr inegaiitd>j Ja rone par cmc preeiotiosi 
fe tronvoit 4 n nnoins todjowrs parfaitement roade^ lieu fiu'a 'ratJUl-ks:r<n,ic» 
devicniaentinevitabiement auffi iiml roadcs qukllcs foot im/galesilans Icurs divl- 
iom; -cn iorte (pt devroit .jamais finir ks 'dcmturesifoutil a oioi 

fuie.fit.fendws parfaitement y, 

§"32* li eif done aife de comprendre^ <jae le pignon, dc’vientjantbt trop : 

trap f cik 4«P:la mbtiikgak " 
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tooth of 6o°, being more or lefs open, produces an error 

of I o degrees on the true rife of the pinion. 

§ 33. Let the arbitrary general pradlice be what it 
will, certain it is, that neither the degree of depth of the 
wheel and j^inion, nor the fulnefs, nor the lize of the 
wheel, can eftablhh any principle analogous to the har- 
mony and perfect agreement of the movers we arc talk- 
ing of, to wit, the true lize of the pinion; even the moft 
perfea geometrical curve, fuppofing it praaicable, could 
not make the pinion raife a minute more or lefs in de- 
grees, without a juft proportion of their reciprocal dia- 
meters. 

§ 34. It is therefore impoffible to ufe too much atten- 
tion in conlidering the relations and proportions of the dif- 
ferent movers which ad by levers and wheel and pinion, 

fince 


dela denture de 60 ouvert d’une degre, de plusou de moins, produk un ccart de 
10“ fur la jufte levee du pignon, 

§ 33. (^oi qu’il cn fok du fyftcmc arbitrage ct de la routine generate, il n'y a 
nilc fortni le foible dcs engrenages, ni Ic plcin ui le vuWe, qui puiflTe cublir 
aucun principe analogue U’hariuonic et au parfait accord des differens mobiles cn 
queftion, foit la jufte groffeur d’un pignon, la courbe geometrique memo la plus 
parfake (quand elte feroit pratkable) ne fauroit non plus faire lever au pignon 
une feute minute endegres dcplus ou de tnotns fans !e juftc rapport de leursdia- 
snetres reciproques. ' ' ■ : ' ' ' ' - 

§ 34. On ne fauroit done afles prfendw; en confidcration la partic des rapports 
et dcs proportions dcs difFdrens mobiles agiffans par kviers ct par engrenages; 
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iince thefe are the moft eliential objecSts of clock- 
making. 

§ 35. This rule arifing from the center of the move- 
ables themfelves, for the which it is principally ufed, it 
is right to dedu6l one revolution of a pinion, in confequence 
of the juft: balance or perfect equilibrio between them ; 
whence it follows, that the retrenching a complete revo- 
lution of the pinion will take place only at the feventh, 
or at forty-two, which feventh too ftridtly fpeaking is 
only the fixth, fiiice the firft revolirtion ought not in fa£l 
to be reckoned, being fuppofed to be in equilibrio with 
its alTociate, the wheel of the fame number and lame dia- 
meter; for the pinion making feven revolutions for one 
of the wheel, one may fay with reafon, that one a(5i:ive 
revolution of the wheel will make feven paftive ones of 
the pinion, and deducing that of the wheels the effec- 
tual 


puis ce font les objets ks plw» effeotieU de fhorlogerie. 

§ 35 *^ Cette r%1e foreant in centre dcs mobiles memes qni. fontle principal 
objet dc fm nfage^' il eft cle Fordre do.dednire line, r^wfytion da pignon cn- mi&n 
dc la jaftc ^ balance, do parfait eqailibre d*on il fait que !e retranche- • 

inent cfiine revolution complette da pignon n^aam Hen qiFa' la^icpdemefoit k 4 a 
qai cependant k bicn compter nVft 'qae la 6 * pak qae la premiere rivokdon nC' 
doit point entrcr,'en ligne ' dc compte,. iiznt cenfee fairo dqailibre ayec fa 
forte la'tbae ,da^m&ne nombre et^ da m^me diam^tre, cardie 'pignoo' faifant fept: 
revelations poar^anedekTOae, on peutdire avec raifon qiakne^r^volatioa a&te; 
dela roxie en op&dfepi paffives da'figaon, ct en dldaifantcellede'Jafoae 1« 

. ' • ■ ; ' rlvdldtianir. 
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tiial revolutions of the pinion remain at fix inftead of 
feven, or elfe we miift confider the revolutions of the 
wheel with thofc of the pinion as one to fcven, of which 
the juft refult is fix. 

§ 36. If then one whiles to know what the juft de- 
duaion required amounts to in every cafe, one need only 
divide the apparent diameter of tlic pinion by the num- 
ber of its teeth, and the quotient will be the juft portion 
for each of its revolutions, which confequently upon fix, 
makes the fum of the entire diameter of the pinion of 
fix, as is proved by the annexed table. 

; §. 37 . Ill c^e of neceftity one might confider the re- 
volutions under two points of view; the firftof them as 
a 61 :ive, and the other as paffive. 


revoTutions effeSlives du pignon reftent 6 ao Iku dr 7, ou bicn il faut confi- 
derer ks revolutions cle la rouii avec ceux dti pignon comroe un a fept ct dont le 
jufte refuilai'eft'fix. ' , ■ ' ■ 

§ 36. Si donc^on veut favoiri quoi fc momcdatis touskscas !a juffc deduc- 
tion requife, il nc s’l^t tjue dc divifor Ic Uiamlwe apiwrcnt tlu pignon par !c 
nombre de fes aiks fit Ifc qudtknt fera la jufte ponion pourchacune de i'es revo- 
lutions, qui par conrdquentfdf feifait !b fomtao du diasnfitre entier dont k pig- 
non de fix i'e trouve reviStu, ainfi ijue te calcal dr !a table cy jointe en fait foy. 

§ 37, Ao belbin on pourroit eavifager It* revolutions fnus deox points de vuc; 
f^avoii ks premieres conimo paflivcs iet Jes^ fccondcs coffimeailivcs. ' ■ ■ • 

■ ' ■■ ■ ' ■ ■ ^ 
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The former fiicli as regard the duration of the motion 
or quantity of the vibrations. 

The others, whofe objecSt is folely the conftant propor- 
tion of the diameters of the movements in agitation. 

,§ 38. In the firfl: cafe one reckons for a revolution of 
the pinion as many times as it is contained in the num- 
ber of the teeth of the wheel; this mode of reckoning it 
is well known is abfolutely necejQTary for obtaining the 
required conclufion. * 

§ 39. The fame is not true with refpe<St to the latter 
cafe, in which the revolutions of the pinion are only 
reckoned to fix the true proportions of their refpe(a;ive 
diameters, 

§ 40. The harmony required between the two movers 
is the fame as if they had contracted a perpetual alli- 
ance, 


hn revolutions qniont pour objet la durcc doi mauremeEt m k quantile 
dca vibrationst 

sa®* Celles qmi mt uniqueuieEt pour -objet les conftaiits rapports it$ diamS^ 
tres entre ks lEobiksen queftioE* ^ ^ . . ' * ’ , , 

§ 38. Dam k premier cas IMu, compte.pour'revobiricm du pignou autaut 'ic 
fois qii^il eft contoEudaEsk Eombredes dents dek rouej cetw 
ter eft comme Toe '% aiti»diipeEfablc pour -obtenir !c refultat qu’oiidemaade* 

:§ 39* Maisjl nka eft pas de mcme^du dernier cas ou Ics revolutions du pig^' 
noE' Ec'fe domptent quo pour ftxcr ks juftes rapports ;de, kur$ diamkrcs:reci* 
proques.,;/ ,■ ^ ^ ' ■ ■ , , ^ \ :: 

' § 40. L’harmonie requifc eutre Ie$ deux mobiles ce qiieftion,eft;';felI« qEe' s*ils- 
awicEt contraftes tine alliance perpetwelk i fe 'maiatenir mutuelkment dans le 
Vojt* LXVIIL 6 F ' ;■ mauc 
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aiiqe, to hold conftantly the fame proportion towards 

each other, juft as if they were always in perfecft equw 

librio. 

§ 41 . Flowever it be that this centrifugal law fcems to 
adapt itfclf to the nfe one dcfircs to make of it, it is not 
the left fixed and permanent; nor can it ever occafion 
the leaft error, provided only that the wheel pays its pe« 
riodical tribute of dcduaion in favour of the pinion ; in ’ 
that cafe it will be equally in the fame proportion at the 
end of one revolution and of a hundred thoufand. 

§ 4a. In a word, the whole iiiyftery of this golden 
rule is comprifed within the true ancl the ax>parent dia- 
meter of the pinion; whence it follows, that the deduc- 
tion pofitively required is exadtly the cxcefs of the appa- 
rent diameter above the true one; a dcdudlion which for . 

a i>inion 


iiiSme Jiappoic (moyennant un certain retranchement) tout comme s’i!s ctoiciit' 
loiijours dans leprs parfaits cquiiibres. 

§ 41. QijpL qwe cettc r£g!e centrifuge paroiirc s’accominodcr a Fufage 
ijuy I’on en vcut.faire, cUe n’eft pas nioins dfoitc ct pcrmiiiieiito ct no pent 
jatnais indvure dans la .wpifldre erreur, pourvfi ■umtefbis que la roue paye Ion 
tribut pfiriodkjnc (foit 4 e d^duflion) cn faireur du pigt>o«» ciio fc trouveja 
alors aitffi bien ejans k tiiSme, rapport aa bout dc cent aiille revolutions qu'clle 
i’etoit a la premidre. 

§ 43. Entn Ton faura que tout Ic miftfre de cette regie- d’or, confiftc entre le 
diauietrc vrai ct lediaraetre apparent da pignon, d'pu U fuit que cette dedudioa 
abfoluwcnt requife eft pofttivement la portiOli d»t le diaraStre apparent eyc^de 

' ■ ■ . ■ .. ^ : , , ' da 
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a pinion of fix is a fixth part of its diameter; for one of 
feven, a feveiith ; for one of eight, an eighth; for ten, a 
tenth; for twelve, a twelfth, and fo on of all the movea* 
hies ferving for pinions. What is meant by a pinion in 
■watch’-making is that moveable which is fet in action by 
another of a greater number of teeth, and communicates 
its motion fticcellively to the laft of them; hence all the 
pinions relatively to the lliape of the teeth of the wheels 
and pinions require an addition of the true diameter, and 
that is what is proi^erly called the apparent diameter. 

§ 43. We muft, however, except the rochet pinions, 
becaufe the whole j)rimitive radius nearly as far as the 
extremity of the tooth is run over by the point of 
the tooth, which is of a rochet form, as well as the 
tooth of. the pinion. But whatever advantage thefc 

rochet 


4u vrat, eledudion qui pourp'ignoa dc fix eft la fixicnie portic ckfon diametre, 
pom* pjgnon dc 7 la f, pour 8 la 8', pour 10 la 10% poiii- la la la'j *ainfi do 
reftede toua les mobiles fervaiu de pipinon ; Ton entend dans rhovlogede par le 
mot de plgnon, cc mobik qui eft adtionne par im autre plus nombveux, ,51 jqui 
coliimanijque ftiCiCoftiv-eroeat knnauvei»e«tj,. julqu'au dfrokr d«,iiTObIl«?' '.oe qui 
fait que 'tous .lespignqps,. rclativemen};'. a la nature dcs engrenages,. exigeiy ua, 
cxcidcnt du diainettc vrai,. quo i’oa peut nommer njufte tiers, le diainctre 
aiijaarotit. • , ' ■ ' 

exccptci* lospigflQsiS 1, .racbjsjjj paroo que Jput la 
,rayonipriqB,4i/,;^.jufi|vi’^ Ikxtremitd dc I'aik a,tr,u« :fie» ' 

pai* la pointe de 1® dent' %alemcnt fornicc en rochet tout: cojxune I’aifc du pignon j 

6 F a ' ''‘"ais 
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rochet pinions feem to offer themfelves with, in confe- 
qiience of a theory founded upon the advantage of the 
uniformity of the fridfions, experience teaches that, in- 
dependently of the difficulty there is in the execution, 
this fort of pinion is much more vicious than the other; 
it is confequently quite out of ufc. 

§ 44. I think it not at all requifite to anfwer the vague- 
objeaions which the friends of the arbitrary method- 
may fupport their fyftem by ; it is enough for me, that 
almoft all watch-makers are agreed upon the fulnefs of 
different pinions, and on tlie form of their teeth, to leave 
the neceffary ftrength and confiftence, which, for a pi- 
nion of fix, comes , to nearly afixth part of the diameter ; 
for one of feven, to a feventh ; one of eight, to an eighth 

one 


mais avee avantage qae ces pignons a rocliet fc prefentent ^ notre idee 

fondle mcme fur tine theorie bicn raifonnfic en favour dc runiformite des frotte- 
rnens,' Fexpefience nous denoontroj outre la grande difficult^ dans Pex&ution,. 
que cettc forte de plgnon eft bcaucoup pins vidcule que Ics autre* j auffi n’en fait* 
on. prefque plus dWage, ' 

■§ 44. Nous nouseftirnoM trSs dilpenfS de repondre ou dc combattre toutes les 
*bje« 9 ;ions vagues, que k» partifans de IVbitrairc pourroient alWgucr en fateur 
de leur itfteme; il fuffitque pfCfque tous Jes borlogcrs font d’accord for le point 
devuidagedes dificrens pignons et far la forme de Icurs. sales, pouren laifferla* 
force et conftftcnce ndeeflaire qui fe reduitpour pigndn de 6 a tres pea de chofe 
prls I la 6*" partie de fo»'diam 4 tres spoilt pigiwjiv'de la 7*1 pour '8 ala 8*f 
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one of ten, to a tenth, &c. The moft ordinary work- 
man is able to judge at firft fight, whether the pinion is 
deep and open to the center as it ought to be, and if the 
wheels are of a proper flatnefs, &c. . 

§ 45. And though there fliould be fome little varia- 
tion as of fix to fix and a half, and from fix to five and . 
a half per tooth of a pinion of fix ; this difference, 
though very ftriking to the fight, would not either in- 
creafe or dirainifh the apparent diameter by even a forty- 
eighth, whence llri<£lly fpeaking there would only be a 
twenty-fourth part of a tooth, more or lefs, which would , 
raife aljout two-thirds of a degree />i?r tooth, fo that one : 
may in fadt look upon all obje< 5 lions of this nature as 
being as vague as they are grpundlefs. 

§46;. 


pour to*' a la io% V fi 'qiie le pitas' fimple owvrier ea ce geiare eft afles habile"-- 
pour |0'gcr4ui''Premiercoup pignon eft .eiifonc^ etviiicle a fon^ppiet^*, 

€t ft le.*' aile$ fo»t bien fori»; 6 e cn ' planches^ '&c* ■ ^ ' - / - ‘ ;; 

§ 45%. Qgand i| y ahroit intoe'-quelqttcpctk ^cart commctk 6-a'6|.et«fe’6i-. 
5| par'-ailoji d*ua pignon 'de .cett^e difTereocc^ qtioi que tres fmppairtc,a--lft. », 
TOe> Bi4«--diminwr0k To diaraetre apparcot^ pasTettlOTentd^ttm- ^ 

48®’ tfo’a* iT-re&Mrpii a.touie rigocwTetalement la s»4«-partie. de ^plpa .• 

on de'-ttimpaqiii ojpc'reroit eaviron-l'de degre do levee par ailef:'*,dc forte- que 
pearroit 'Judkieiifomeiit ' eHfifager dc eetle- 

6 « §' 4 ® 


' * ' .. 
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§ 46. I flrall not ftop to give Icifons upon the fixing 
of the true point of the depth, beoaufe every workman, 
or fiiiiOicr mull know from the firft elements of this 
tlveory^ that the right depth mull begin upon the tooth 
which divides the line of center; that is, tlvat in .every 
,cafe, whether of two I'mall or two large pinions, one 
.muft look for the middle of the two extremities, and fix 
the point of their depths, when thefe two movers run 
the moft eafy. Let only, I fay, this fame method be por- 
filed with refpe«£t to pinions of juft fixe, !)y carrying on 
the depthening a little too far till one perceives a fmall 
fall, and then carrying it to a diftance again to make this 
fall difappear, all the requifites for a good and perfedt 
depthening will be found united ; for tlie pinion being 
in the due :proportion with its tooth, the lead or depth 

can 


§ 46. Jc nemVreteral point ici pouttlonner dcs kymis fur la fixation du vrai 
spoiRt'dtA'fll^itosigss, patfque olna^uc ouwrier foit finilieuf dyitlayoir ce la par Ics 
pi'^teiets 41 'frae^»iil(=-i*oti»thtorief'q«e rattoticlictncnt ou la nieiiw doit.coinmcnccr 
•far I’aile partag&nt la lignc ties ccntijes, en. iiiivant mime krm marottes ordi- 
j'lMrejj ckft S'dlre’4ar#iK-:<kat cbercher 'dans tow ka cas foit /ppur, pignsfls trop 
.pewits, le ini'lku <k«det)w«x*rlroi£ej et finer ieats poinn dikngrenagr^ 'Op, <;es deux 
mofeHei'roalcnt le plus d<W'5t-|''tp«:Eo»> fttifc dS^jts,. fettkmewc.Ia meriue jnctWt? . 
a ■ Mgaifd dcs pfgtiOBs da porfant l’engrenaig«':,fli) peB.trop , c» 

.avant juSjwSS'i' ea )*on claSte,.i'rt;«al’jB|0^WVt 

■fuite pourfaiw difp*rokfeC'ettC'rdjAfeK|^'l»a^ to,awdlttions4’B«-;l)Of» 
engrenage s’y trouveront reunies, ,car .le'.piguon etant 

, . la 
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can only begin fncceffively upon the central line, as like- 
wife the operation of the rife' in fo many required de- 
grees between thefe two moveables, the proof of w'hich 
may be evidently demonftrated by the inilrumcnt made 
with two parts of a circle, in which the arc of the rife, 
run over by each of the movers, is diftingiiifliable to one 
half, one quarter, and. ev^n one eighth of a degree. It 
would, certainly be faperfluous to point out the manner 
of operating with fuch a machine, fince all thofe who 
have any notion of the method of ufmg mechanical and 
mathematical inftruraents will immediately fee what is 
meant. 

; ,§ 47. But iliould any body doubt of the reality, the 
■Utility, or the importance of this rule, the means of fa- 
tisfadlion are offered by the experiment of the degrees of 

rife 


a rouii, I’attpuclieinent, ou la menec nc pcvit du moins que commcticer fuccef- 
fivcinent fur la ligue ccntralc, ainfi que I’op^fattoii dc la levde en autant dc de> 
gres requis, entre ces deux mobiles, dont la preuvo fc peut demontrer d’une ma- 
nierc evidente par I’inftrument sVdeux portions de ccrcle, ou I’arc de 1CT& par" 
couru par chacun des mobiles, f« dilliingae jufqu’i et rocm# a dVn ■ 

tlcgre presj ii fa*oit fans dobte tves tuperflo d’indiquer la mani^re d’opiMr fur > 
la dite machine, car tootes les perfohnes qui auront qtielques connoiflance et 
quelque pratique des inftrumens de mechanique ou mathematiq.ue v'ertont au pre- ■ 
mi«t'eb%-d’oeii'df qu'olJls’agit. '■ ' ■, 

47 , 'itlfe fiqupt^u’qh vbuloit reVoc|ucf ■ en doute' la, riSalit4,-rotilite,,,fit ffiil- ■ _ 
pottance de.' -cette regie,' .dri oSrd’ les' mdyen's' toni 'cdux .qui le ; dSlimitcijiii ; 

I ; 'fafce 
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rife required. This -will convince every body, as it has 
convinced the author, who both looks upon this opera- 
tion as the beft toucli-ftone, and conhJers it as an axiom 
equally new and eafy for the rel'olution of a problem 
which has been an obje 6 t of debate amongft watch- 
makers for above a century. 

§ 48 • The>author thinks'too, that this rule is applica- 
ble to all pinions whatfoever. The pinion of fix has 
been .chofen for the experiments, as inconteftibly the 
.moft vicious ; ib vicious tha:t, in my opinion, it deferves 
the fate of the pinion of five, efpecialJy for very good 
watches, which perhaps will be Ihll better made out 
when one comes to know the gradual dillerencc there is 

between 


fairc I’experience par Ics tiegres de levees requis } pour s’eit co’.vaincrc indiibita- 
bleraent tout coinrae I’autcur, qui eftime si juftc t'nre cutte operation coir.mc la 
ineilleure pierre de touche ct mcmcquila regardc cominevm adoine auffi facile 
que nouveau, pour refoudre fans replique un problemc rp i dfpuis plus d’un 
fiiSck a fait un objet de debatet de couteftation dans rhorlogcric; parcc que 
I’incertitndc des vrais principos a etc unc fuitc prefquc gcucralc juiques a nos 
j ours 1 7 7 7 * i’expmence Ic demontre ev itlcinment, 

§ 48 L’auteur penfe au reftc que cette, regie cll applicable a tous Ics nomlwcs , 
et pignons quelconqucs; etpqur plus grande furete depreuve dans Ics diffcrenttis 
experiences, Eon a choifi le ptgnon de fix comine etant fans contt edit le plus 
vicienx, oil le moins avantageux dc terns Ics aiwresj aufil i mon avis nreritcroit 
il le mcme fort quo le pignon de cinq, fur tout pour des montres dc qualite, cc qui 
fe verra peut-etre dans fon temps (juand on connSitra la difference graduellc qui 
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between each pinion, which will be amply proved 
by fome experiiinental obfervations of fome fiiends of 
mine on the theory and practice of watch-making iia 
general. 

§ 49. I will not, however, pretend that my in- 
ftrument is not ftill capable of feveral ufefiil improve- 
ments . 

§ 50. Blit rfnbmit the rule, together with the com- 
pafs of proportion, to all ingenious and well-informed 
perfons, either for approbation or full confutation of my 
fentiments, 

■I .51* 


Tc troll ve entrc cliaqiie pignon et qui fcra ampictnent ditalllee dans les obferva* 
tions cxpcrlmentalcs dc MM. L.C. et P* fur !a tlieorie et fur la .pratique de 
niorlogcric -cn general* 

§ 49. M'algr6 dcs preuves autlicntiques et alilB, coiwainqua'ntes de la 
halite de mon fufdit expof% je n’oferois cependant' pas direque la machine 
nc foit pas fufceptiblc d\mc' plus grande perfedion et dc d ivories additions 
avantageufts# ^ , 

§ 50. En, attendant on fou'met# avee une finc'ro confiance cette rlgle^infi que 
le compas' dc proportionj^ qui, dans tons ks,cas lui fert de demontrateur ct efe 
rapporteur, fidclc, d Fexamen dcs perfonna '&1airecs ^rjui peuvent'On tee jugCs 
compctensji' pour,cn obtenir Fapprobation ,cn favour 'desrWft is principes, pt pour 
exciter' Femulation.fi nteffairedana Phoiiogorie.ifSi 'au co,nt,rairc cettc^approba'^, 
tttOn litep, , :demtnde':,'tmq':refutatio,n ' cn,''bon«e;,4*^' di# forme* . n 

Vox. "LXVIIL '' ■’ 6 G 
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§51. A.ncl tliougli the ufc of the compafs extends to; 
a great multiplicity of objects, 1 have only mentioned the 
moil iiitcrclting ones with rcgaixl to watch- making.. Ob- 
ferve that each pinion has its particular divifion upon the 
launches of the inftrument, and tliat each column is di- 
refted by the number of pinions from lix to twelve. 

§ 52. The line or moving branch, which croffes the 
two branches of the compafs, is divided according to the 
French foot in inches, lines, &c. to a 48th or 36th of a 
line; fo that one may know at one and the fame time 
both the true proportion of the different diameters, and 
their precife frzes. If one wiflies to know the lize of a 
wheel for a pinion of a given thicknefs, one puts the pi- 
nion 


.§51, Qnoi (pc Fufage ck notre fufdk* compas sktcntk fur line mukitadc 
cfobjetejj on a fenlement cite les plwainterdiam rekUTOBcnt ;i riioiiogerie ; on 
obferveraTpe chaepe pigrion a div,ifion partkuliin'e fnr ks liranches clc la iim* 
chine et'quO' chaqueoalomhe eft dirigi^C: pair le nooibrc cks pigiioas clcpisi&'6 
jdljues a 12* 

§ j2. La ligne'On branche monvante <pi c^ife Ics cleiuc. branches dii compas 
portc la divifion da pied'deEoi^ en pou'cc% lignc% jolcpeti' i un 48^ ou 36^011- 
zifnics de ligne, car mt ligaei la-Emchoire donne m , ponce for la elite dlvMoa tin 
pied ; cn forte qiie Fon peat fa?oir; mat terns ct Ic juft erapport dc« cliffttcns 
diametres et fears grandeurs prfeifes,'.&c.j fi Vm vmt favoir la grandeur dhiae 
fouc, pourpignon #une groffeur danaie's, m ftk cawrdc pignon julle 'cntre let 
2' deux. 
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nion between tlie jaw, and one carries the divider to the 
number of teeth which the wheel muft have and the di~ 
vifion of fuch a pinion indicates, then putting the divider 
of the other branch facing the aperture of this angle 
will indicate the juft fize of the wheel : for inftance, if I 
have a pinion of fix, and want to know what muft be 
the thicknefs of a wheel of iixty teeth, relatively to tlie 
proportion of the faid pinion, I take the juft meafure of 
the xainion by the jaws, and jaut the divider uxwii 60 of 
the column or divifton of the x>imon of fix, and the other 
divider facing, then, the aperture bet^veen the x)oiiits of 
the divider, is the fize of the wheel. The fame opera- 
tion takes jftace in all the other lunions, according to their 
numbers, with this jarovifo, that you muft do the reverfe 

when 


deux iiiadioircs oa pniccs et ou inciic le coulant fur !e nombre clc;? dents cpc la 
roue doit avoir ci: la divifion d’an tcl pignon indujue; ci cn 'xnettant Ic cou* 

lant de Tautre branchc vis a vis^ Touverture dc cct angle indicpiera la jufl.e, gran- 
deur dc la roue 5 par cxcmplc^ fi j^ai im pignon de fix ct qiie Jc veuWe'favoir'dc 
quelle grofleur unc roue dc 6o dents tloit' ctre relativcinent an rapport du dit 
pign'OB, jeprends la mcfurejuftc dm.pignon, par ks macboire%it je mctslecou’^ 
lant, fur 6o dc la colorme foit de la^ divifion du pigno,n de et Tautre coulant 
vls„a. vis^ alow .rouveiturc entre ks deux Bees dcs coulans'efl: la grandeur cte Jg 
roue; la iiiemc operation a lieu pour tons Ics autres.pignons felon Icurs nomBresj 
|>icn,entcndu: qu’il faut faxre Foppofc lorfqukn a^unc grandeur de r0%Sdonnec et, 

6 G'2 , ' 
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when the fize of the wheel is givens and you want t6>- 

know the thicknefs of the pinion. The fame thing 

holds for the meafiire of the vaEgcoiis palets, the balance 

wheel, the cylinder and its wheel, the fufee and barrel j, 

the pivots, and,, generally fpeaking, whatever requires 

dimenfion.. 

§ 5 3., In order to find iramediately the true proportion' 
between the fiicle u hecl and the curb, you muft put the 
hide wheel upon the number- you wifli it to have of the 
divifion.of the pinion. of fix; afterwards (without mov- 
ing the head of the compafs) you feparate the moveable 
dividers till the, wheel of the curb is exadlly upon it, and- 
it is on the number of the divifion of the pinion of fix,, 
indicated by the divider, that the curb muft be fiit., 

§ ,54, One muft obferve, that the divifions, of the pif 
nions of. ten and twelve is the fame upon the. two. 

branches;; 


<jue I’on veut favoir la groffsur du pignonj il cn eft «lc mcme pour la miSrure des 
palates de verges, de la roue de rencontre, dft ciltndi'c et do fa roue, de la fulce- 
etbarilletct dc* pivots, et geil^ralcment dc tout cetjui cx'igc dhiaoiifitm, 

§ 53. Poar trouver aaffi tdt le jufte rapport entre la rouli de rofette fur Ic 
rateau foit la couHffcrie, il faut mettre la roue de rofette fur le nombre que I’oa 
fouhaite qu’elle aie, de la cMvifton da pi^on de fix, enfuite (fans bouger la tetc - 
du compas) Ton eloigne Ics ccmlants jufijucs J cc qm la roue dc rateau s’y trouve 
juftc, et e’eft for ce nombre de la divifion da pignon de fix que k coolant in- > 
clique, que le rateau doit etre fenda, 

§ S 4 ' Ilfawt obferver que la divifion pour pignon de to et dc ta eft de m6mfr, 

far 
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branches ; this is done the more eafily to put the two 
iliders facing each other in all cafes. 

When one wiilies to meafure pieces which are larger 
than the aperture of the jaws allows, one puts the Aiders 
on the edge of the fmall points when there is a hole in 
the middle of the branches where the aperture of the 
angle is only a Ifxth part of the diviAon of a foot, that is,- 
if the angle upon the cliviAon of the foot is Ax inches 
open, that of the middle will be only one inch and fo 
on. 

§,55. As to the other machine of brafs, with two por-- 
tions of a circle divided as far as half a quarter of a de- 
gree, one may with the greateA preciAon verify upon it 
the true proportion or thickncfs of the pinions by the 
degrees of rife required by making the different wheels^ 

fronii 


furies deux branebes’j ct ccia ppurmettre plus facilement dans tow ks cas les* 
coulans parfaltcmcnt vis vis* 

Lorfqu’on.voudroit aieftircr qitclqucs . pieces, plus grande qiic IV^uvcrturc 
jmachoircs nc Ic permet*^ on ine-t Ics coidans fur Ic bord. dcs pctlts points ou il 
tm troll an milieu des lirancbes ou rouvertare de fon angle ri’cft qne la fixkme 
partie de cciui.de la divifioa du pied; c’cfl:! a dire fi i’angle fur ladivifiondii 
pied eft ouvert a. fix. pouccs^., celui. du. milieu m k fera qu*a 'un poiiccjj aiufi du‘ 

§’,55.* 'Q^.ant'?i Fautre machine enJetoni deux ■ portion d.e cerck divike 
Jpfqucs aunt denri quart de degrej Foapeut y veri.fier' avec.la plus grande 

kjufte.rappoit des.,pigaoas foit groftcur par ks degrfe ck'kvea rcqyiks^, 
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fnnii I s to 1 20 operate npo-i the 'iamG pinion the cle- 
• -iTfs of liie rcoiiircd. Theie s •. cxr.Cdv follow the 
of tiic rule \vc ar j ipca;;ii;,p- of. Nohodp \ull. 
bur that the fame o;<]ya;T.'nc:<ts apoii all tlic other 
pinions will be equally dehvonilrativc and convincing as 
thole upon the pinion of liK. 

§ 56. This machine may be likcwiic iiicful in deter- 
mining with great precifion the hgiirc of the curve of 
the teeth of the wheels, that is, by placing- the additional 
femi-circle upon the center of the wheel, and putting a 
needle upon the axis, one will obferve, if the needle of 
the pinion of fix goes regularly througli the ten degrees 
whilft that of the wheel is going through one only; if 
not, one will fee very diftiiKStty the irregularity of the 

curve. 


'et priacipalemeiit pour fc cotwaincre <lc hi rcaliic de iiutru rufdilc cn fai- 
fant operer ks differentcs roiife dcpuls k iMmibrcdo ra jidqua a 1 .;o ivir Ic inumc 
pigaoii ks degres dc kvecfi requis; cu nnw^ cxaflcniciii !cs diincnfioiis 

dc la regie cn queftion; on iie doutcra km dmim pm quo It-s iiiriiu's c^cperieiiccs 
fur tousles aiitrespignons m fcroieiit pa^ mains dciiionllrdtives i:aiivairu;antcs 
<]iic ccllcs fur h pignon dc fixt ■ ■ ' ' ■ 

§ 56* Cette machine pent encore fervir pour dutcriniucr aver unc grande pro- 
cifion k vraie figure <k kcdurbe'dei.denti'tk k muc m pafimt k: elemi 

cercic poftichc fur Ic centre de k’ rouS^rct en iiieitaiit tme aiguille fur Taxc on 
Farbrc; on obfervera fi raiguilk 4 n pignon dc fix parcourl: rcgulicrernent ksclix 
cIcgTcs pendant cjttecclk de la romH nknVparcourt qifiiiq fi non on 'verm tres 
Tliftindcment la difiormitede Iakonfte^pwT M clonncr k forme rcqtilfe^ pour 
^ ‘ C.', y opircr 
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curve, in order to the giving it the requifite form uni- 
formly to operate the degrees of rife upon the teeth of 
the idnion, which comes very nearly to the geometrical 
curve, the operations of which are not to be underftood 
by all watch-makers as this inftrument may be. 

§ 57. Every body fees that the curve of a wheel of 
120 teeth muft naturally be one half fliorter than that 
of one of 60, fince it goes only through three degrees 
whilft the tooth of the pinion goes through 60. The fame 
holds in every cafe in which the curve of the tooth muft 
be figured, according to tlie degrees it goes over in its 
axis, to operate upon the wheel of any pinion whatever 
that arc of the rife the moft uniformly pofliblc, and in 
order to join thefe advantages to others Hill more confi- 
derable, it will be uleful to make life of wheels and pi- 
nions 


o|)crer avee milformitchlcf; clegrcs dc kvccs fur Falle dvipignoiiy cc ejui rcvicnt a 
peu ck chofe pres ;i la courbe gcOnktritjuc clont Ics operations nc font pas dc la* 
competence clc t'.ous Ics liorlogers comme le feroit cct Inilniment. 

§ 57, Onfcnt'bien que la,coitrbc d’uncrpue dciao dents doit otre naturelle*^ 
ment pins courtc dc la moitid qnc cclle dc 6o' puis c|ukllc. nc parcoiirt cjnc 3*^ ‘ 
pendant qnc Ikiie da pignon cn parcourt 60,. 11 en eft de mcoiesckns tons 

ks cas oil la courbe de la tient doit etre figurcc felon Ics ' ilcgtcs, qifcllc parcourt 
fur fon a:xe pour dpercr fur rallcTfun pignon quclconcpej, Fare de Icv^e' Ic plus • 
wniformanent pofliblc; etpourrdunir ccs demkrs avantagesa d^autres plus con*/' 
fiderables encprC;^ ilconmcnt dt Cairo ufage dcs pignons^ct roues 'aufli iroipbretefcs ■*' 

^ ’qum. 
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nions with as great a number of teeth as the greatnefs of 
the caliber permits. By this means one not only comes 
nearer the true geometrical curve; but one reduces the 
refiftance and preffure upon the axis of the moveable to 
the lead: term poffibie. 

§ 58. As to the true point of the opening of the teeth, 
this is my rule, I take rather a foft file, in tbicknefs fix 
and a tiuarter of its diameter for a pinion of fix, feven 
and a quarter for one of feven, eight and a quarter for 
one of eight, ten and a quarter for one of ten, twelve 
and a quarter for one of twelve, and fo on; and I believe 
that this rule may be the eafieft for the prefervation both 
of the heft figure of the curves and the neceffary force 
of their teeth. Juft as the thicknefs of the teeth of a 
pinion of iix muft be the fixth i')art of its diameter; that 

of 


qoe la grandeur d’u calibrelc permet; pav'CC moycnon s^approdie non fculcment 
de la vraie con rbe'gfiomctriqucj ■mats on reJuit encore la ixHlIlance cl la prclRon 
f«r Fax'c cles mobiles m moiiidre tenne poflibkv 

§ 5^* Qnant an'Jxifte point dc vuidage do la cknliire drs rowl's detcl noiiibre 
ct grandeur voici im regie; jc preiuls rinc lime ou fraifc pas crop 

rude de Ikpaiffcur ■ponr pignon dc';lk, la 6** et | de fon diametre; pour 7 la f 
tt|; pour 8 la pour 10 pour la la'ta^l; ainfi du rcftc pour 

tous les autres; ct jc crois qye cetto/''r<igk pourroit ctre la plus facile « la plus 
analogue pour la confervation et dc It mcilkuro ligurc dcs ccnirbcn et dc la force 
^leccffiiirc^de ia dcature^, tout comrae Ikpaiffew de$ ailcs crun pignon de & doit 
i . ^ ^ ; ' ' ' ctre 
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of the pinion of feven, a feventh; one of eight, an 
eighth ; and fo on, for any number of pinions whatever. 
Juft in the fame manner as the length of the teeth of 
the wheel, which fliall be cxailly the aperture of their 
angles, or (which comes to the fame) half the diame- 
ter of its pinion of fix, three fevenths for a pinion 
of feven, three cigliths for one of eight, three tenths 
for one of ten, three twelfths, or a quarter, for a pinion 
of twelve, and fo on. 

§ 59. To ohferve a ft ill more regular order, it would 
he likewife extremely proper that all the pinions of a 
watch or repeater, except the centre one, flioulcl be of the 
fame thicknefs ; hence will aiife many advantages both 
in the execution of the rough and finiflied work, which . 
I ftiall fpeak more fully of upon fomc other occafon. 


etre la 6'* partie cic fon diametre; pour pignon de 7 la 7*^5 pour 8 la 8*, ainfi dc 
ioiic pour tons Ics noni!u*cji clc pignons que cc fuit. AidTilucn epe la longueur 
dc'S dents de la roue qui fera pofitivcaicnt dc fouverture dc leurs angles, au ce 
qui c:ft la mfime thole, la moitie dudiametro de fon plguon defix Ics I'-® pour 
pigaoii dc 7, Ics pour 8, , Ics pour 10, les foit le quart pour pignou 
dc doiizc, ainil dc fuitc. 

’§ ^59* I\}ur obferver d'aiitaiit mleux eta tons egards line fuitc re, ilferoit 
auHi tres a propos, que tons les pignons d’uuc montre oa repetition '(cxccptecclui 
du centre) fiiffent dc la incite groffeur; cfou rcfultc divers avantages foit dans 
rcxecution^du brut, foit dans celui da fiaUTagc, dont on parlera plus ample- 
iiient ii la preoiicrc occafiois, ' ' 
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XLIV. New Experiments upon the Leyden Ehial^ refpeEN 
ing the termination of ConduNors. By Benjamin 
Wilfon, lip/. E. R. S. 


Read July 9 » T N tlie Lxivtli voliime of tile Philofophical 
^77^* J- xranfa^lions there is a paper of Mr. HEN- 
ly’s upon the fubjedt of condu(5lors, ivhcrein arc con- 
tained feveral cxi^erinientSj intended to fliew that pointed 
terminations arc prefcralde to fphcrical ones for fccuring. 
buildings, Zic. from accidents by liglitning'. 

Upon thofe experiments I made fome obfervations, 
and i>articulaiiy upon the fifth, where a point and ball: 
were placed at the fame diftance from a fphere of cop- 
per, fo as to make part of the circuit in the X.cyden ex- 
perimcnt''"d In the defcrixition of that experiment I 
objedled to the two chains employed therein, becaufe 
the metallic communication was, by that method, confi- 
derahly interrupted, on account of a want of contad be- 
tween the feveral links compofing the chains. I did not 
then repeat the experiment becaufe the particular cir- 
cumftances attending the Leyden phial appeared, in my ' 

(a) Farther Obfervations upon Lig,htning» by ». wilsoN, publiflied in. 
Phil. Tranf.. for the year 177,4,. , ■ : : 

^ \ ;■ ■ jmlgc- 
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judgement, very unlike wliat I'jappens in nature; and 
therefore I contented myfelf widi pointing out the fe~ 
veral drcumihuiccs in whicli they diirercxl; -.-u-sd in ob™ 
ferving that, according to Mr. hjinlyV. account, tlie point 
did not proted the roundcxl entl from })cing druck, 
which it ought to have done, if Dr. franklin’s pldlo- 
fophy was well-founded. 

Since that time an occafion has offered which made it 
neceflary to try this particular experiment. The occaffon 
alluded to aroie from a late xnveffigation of Mr. nairne’s 
experiments by Dr. musgrave, who was deliroiis of 
having that experiment repeated; bccaufc (as it flood in 
Mr. henly’s account) it feemed to contradidl a conffdera- 
ble i^art of the do(5tor’s rcafoiiiiig. 

Not being furniflied with an apparatus to make the 
exxxeriment, I requeffed the favour of Mr. cavallo to 
afliil me with his ; and though it was not fo compleat for 
the purpofe as could be wiihed, yet it anfvvered fuffi- 
ciently well to Ihcw, that an attention to the circuni- 
ftaiice of a perfedt communication in this experiment 
was very material to difeover the trutli; and that the 
want of it had, probably, occafioned tiic hall being ftriick 
in preference to the point, as related by Mr. henly : for 
upon employing a wire infteadof the cliai nSj thefioint was 
ilruck at more than three times the diftance of the ball. 

, Seeing 
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Seeing fo great a difference between the two experi- 
ments, I ordered fucii an. apparatus to be made as I 
thought would be the lead; exceptionable for the pnr- 
pofes of determining the facSt upon which thefe different 
appearances feemed to depend ; namely, a perfedt and an 
imperfedt circuit of communication with the Leyden 
phial. 

In the contriving of this inftrument it appeared ma- 
terial, in order to have it anfwer the fame end as Mr. 
lane’s eledlrometer, that the feveral experiments to be 
tried with it might be compared with each other in a 
more accurate manner. 

The circuit of communication was divided into two 
parts. A bent rod of brafs, with a ball of the fame me- 
tal, three quarters of an inch in diameter, ferewed on to 
the iqiper extremity of it, and a copper ball, five inches 
in diameter, ferewed on to the lower end, formed one of 
the parts. This part was fuppoited by a ftand of wood 
that had a cap of hrafs at the top, into which the brafs 
rod was occafionally ferewed. 

The other part of the circuit confifted of a brafs rod 
alfo, one end of which branched out in the form of a 
fork with two prongs, that pointed towards the center of 
the copper ball; and thofe prongs were fo conftruded, 
V6L. LXVIIL''' . 6.1 ""'&at 
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that either of them could be made longer or fliorter, juflf 
as the experiment required. On the end of one of the 
prongs was fixed a ball of brafs, three quarters of an 
inch in diameter, and on the other a fiiarp fteel point or 
needle. The llioiilder of this fork fcrevved into a fmali 
plate of iron that was fixed on the infide of a wooden 
veflel, which contained the grcateft part of a cylindri- 
cal glafs jar twelve inches and three quarters high, and 
about four inches in diameter. This glafs was rather 
thick than otherwife, and the coating of it (which 
was tin-foil) meafnred nearly 144 fquare inches on 
each furface. Befides this coating, part of the infide 
of the wooden veflel was coated alfo with tin-foil,, 
for the purpofe of making a fecure communication 
between the iron plate and the outward coating of the 
jar. Within the jar itfelf was fitted a cylinder of 
wood, that was covered with tin-foil alfo, to make a com- 
munication between the infide coating of the glafs and a 
brafs rod that was fixed upright in the center of the 
wooden cylinder. This upright rod having a ball of 
brafs at the end, three quarters of an inch in diame- 
ter, was bent towards 'the firft'part of the ciremt:, fd 
that the two balls a and b in plate xviir. fig. 3. being 
tipon a, level, looked . towards ' 'each otlier, buH;: were';. 

fkied 
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placed from time to time at different diifances, as occa- 
•fion required, and thus anfwered the purpofe of an elec- 
trometer. 

Whilft this inftrumeiit was making. Dr. lind pro- 
pofed to Mr. cavallo and myfelf, that we fliould fee 
fome experiments at his houfe which he had made in 
confequence of thofe we had before tried at Mr. ca- 
VALLO’S. 

The apparatus he made ufe of was but fmall (fee 
fig. I.); for the phial contained very little more than a 
pint, and the coating on its outward furface meafured 
no more than thirty-nine fqiiare inches. 

The refults of the feverai experiments wc made are 
contained in the firfl: of the following tables, from which 
it will appear, that in twenty-three experiments there 
was not any me injiance where the bail was ftruck at a 
greater diftance than the point, nor even at the fame 
diftance. It is remaiteble, that in two or three experi- 
ments where the point was farther off than the ball, 
both the point and the ball were firuck at the fame time ; 
which' fhews,. that the 'infiuence.of the pdintpA,hough 
placed 'at'' a greater diftance,' was equal to 'the; influence 
ol'^tW'^fpherksl teiininatioh' placed .c^pfid^hly nearer* 

\Vi?®fe''';ti»i'forked ' inftirumen* '.and ' ek«ftro'me%iwefe' 

ftnilhedyit was found, that a fuperior force ty as - h 

; 6'ra ' , '^ary 
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fary to charge the jar belonging to it (on account of 

its thkknefs) than what wc had employed in our firft 

trials. 

Upon an application to Dr. higoins lie favoured me 
with the life of his machine; the cylinder of which, 
when excited with the afliftance of his amnlgama, adtccl 
fo powerfully, that it charged the jaig accompanying 
the new inflrument, very readily. 

We began the experiments where the ele( 5 trometer 
was ftriick at the greateft diflancc, and tlicn adjufted the 
diftanccs of the ball and point from tbc copper ball ac- 
cordingly; fo that if the point was ftrnck (when they 
were adjufted) the moving of the ball j\d part of an inch 
would occafion the ball to be ftniidc in preferent e to the 
point, and vice verfd. Afterwards wc lelfencd the ftrik- 
ing diftance of the eledfrometer in every experiment till 
we attained the leaft diftance. 

Upon reverfing i>art of the apparatus, as in fig. 3. all 
thofe experiments were repeated again; the copper ball 
being put neareft to tfie glaft in the jilace of the forked 
part, and the forked part in the place of the copper balk 
This fet of experiments being compleated, we made 
others, where the ball only was oppofed ; and after them, 
where the point only was oppofed to the coj^er ball. 

, . Having , 
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Having gone through all thefe experiments as they 
are fet down in the fecond table, we then repeated the 
experiment with the chain, after Mr. henly’s manner. 
The refiilt of which, and with the apparatus reverfedy 
will appear in the third table. 

The chain we employed upon this occafion was of 
iron and very rufty, no other being then at hand. . 

To avoid every objedion it w'as refolved upon, th'at all • 
the experiments we had made at Dr. higgins’s ihould 
be repeated, but wdth the two chains inftead of the 
forked apparatus. 

On the 23d of June, by the favour of Mr. parting- 
ton (Dr. HIGGINS having dilpofed of his machine at 
that time) we went through the whole of the experi- 
ments thus circumftanccd. . The chains employed were 
brafs, and a giafs hand fupported the ball and point. 
Mr. PARTINGTON’S cylinder meafured about thirteen 
inches in diameter: this giafs, with the afliftance of Dr. 
higgins’s amalgama, aded powerfully. All thefe expe- 
riments are contained in the fourth table. 

Before this paper is concluded, it is neceffary to cau- 
tion thofe who may be difpofed to repeat the experi- 
ments mentioned in the feveral preceding tables, that a 
Brid attention he had to every the leaft dmhmdance W^ 
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lative to the making of the experiments ; it being fo diffi- 
cult to preferve the intended difiances between the refpec- 
tive parts of an apparatus not perfedly executed (as is fre- 
quently the cafe with all new infirumonts) that we could 
not fucceed in adjufting the difiances of the electrome- 
ter, fo as to be exa6tly in an arithmetical progrelfion. 

June 23,1778. B. WILSON* 
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T A B L E I, F I G, I. 

Experiments made at Dr. lind\ June 18, 1778, with. 

the Leyden phial. 


Poiht and ball oppofite the Leyden 

phiaL 

1 Ball 

I only. 

Point 

only. 

CL > 
^ g 

Ball 

only. 

*** * 
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!.-( Ball 
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1 Point - 
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54 

IL^ 
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66 
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40 
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, 28 
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! Ball 
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341 
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26 

68 
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44 
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44 
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f Eleftrometer 

22 
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; Ball 
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L Point. , 
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26 
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18 - 
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VII. 4 

;Ball , - 
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.Point *-* 

48 


- 
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: *,» 

36 
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pElcSrometcr 

16 




, «, 
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vm.^ 

l'^ all **** 
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1 ,* 
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L'Pbint - 

56 


' ■ - , i 
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3 * 


1 -/ - 


N. B. Eighty of . thofe parts make 'btieiichf 

Tlie number oppofite the word elc£tromcter denotes the diflance between the ; 
balls which conftituted tlie eleftromcteri and the number oppofite to the words 
ball aa,d|>««/ fhew the ultimate diftance at which they were refpedbvely JJruck, . 

(b) The point ai>d ball in this experiment were not direSed iromediately ■■ 
towards the outlidc coating of the jar, but towards tlie broad furfaceof a a>i,r)- 
nistn’tea cannifter, the oppofite outfidc of which was iacontadt with the coating, , 

of the jar. ' ' ■ ' : . . : . .V ■ 

JAMES LIND. , ■TIBERIDS C.AV A^LLd';;./ WILSON*^. 
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T A B L E II. FIG. II. 


Experiments made at Dr. Higgins’s, June 19, 1778, 
with the Leyden piiiul and Forked apparatus. 


Tlie meafures cxprclTcd in the following t.ihU-s were Uikcn from a fcalc con- 
taining 3a pans in one inch. 
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TABLE III. 

Experiments with the chain after Mr. henly’s manner. 


Point and ball oppofite 
the Leyden phial. 


Apparatus revcrfed. 


Electrometer 

Bali 

Point 


21 

26 

24 


^^3 

28 

26 


I repealed at dif- 
j ferent times^ 


{ 


23 

26 

30 


JAMES LIND. 
TIBERIUS CAVALLO- 
B. WILSON. 
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T A B L E IV. FIG. III. 


'The experiments of the fecontl and third table repeated: 
at Mr. p -\ rtington’s, June 23, 177^5 ^ brafs chain, 
being ufecl inilcad of the Forked apparatus. 
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Becaufe the elearometer in the experiments contained: 
in the third table made at Dr. higoins’s with a nifty 
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iron chain flood at ai and 23, we repeated the experi- 
-meiit at Mr. Partington’s with a brafs chain, and the 
Tefiilt was as follows i 


Ball and point oppofite 

Apparatus 

the Leyden phial. 

revcrfecU 

' ' ■ ' 1 

Eledrometer - 21 

23 

Ball 

24, ! 

25 

Point 

^ 64 j 

30 


• JAMES LIND, 
TIBERIUS CAVALLOj 
B. WILSON. 

P. S. Having feen a method iifed by Mr. cavallo tore- 
pair broken Leyden phials, fo as to render them again ufe- 
ful for experiments, I am glad of this opportunity to make 
it known, as it may be very acceptable to eie£lriciansi 
The method is as follows. When a coated jjhial is cracked, 
either by a fpontaneous difcharge or by any other acci- 
dent, Mr. cavallo removes the outfide coating from the 
fractured part, and then makes it moderately hot, by 
holding it to the flame of a candle; and whilffi it re- 
mains hot, he applies burning fealing wax to the partj 
fo as to cover the fradlure entirely; taking care that the 
thickliefs of the wax is rather more than the thicknefs of 
the glafs. Laftly, he covers all the feaflhg wax^ and alfo 
' 6 JL % '■ , ' ipxt 



1 01 a Mr. WILSON’S Experiments^ he. 
part of the fiirface of the glafs beyond it, with a compo- 
fition made with four parts of bees wax, one of refin, 
one of turfcntine, and a very little oil of olives; which 
compofition he fpreads upon a pit.'ce ofoilctl iilk, and ap- 
plies it in the manner of a plailtcr. With this method I 
have feen fevcral phials fo ctfefhnilly rcpa.ired, that, 
though after being freciucntly charged, they were atlalt 
broken by a fiKjntaneoiisdifcbarge, yet the fradiire was- 
in a different part of the glafs. 
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XLV. Obfervations on the Solar Eclipfg which happened' 
June 24, 1778. By Mr. William WalCvS, F. R. S. and 
Majier of the Royal Mathematical School in Ghrift’s' 

liolpital. 

Read July 9, ft)llowiiig obfcrvations of the folar- 

eclipfe, which happened on the 24th' 
inftant, were made at the Royal Mathematical School in 
Ghrift’s Hofpitalj where the latitude is 51'’ 30' 55''^ N. 
and the longitude not (piiic half a fecond in time Weft of 
the cnpola of St. Paiii’s. I had my time hy a moft excel-- 
lent watch made by Mr. larcum kendall, which goes- 
while it is winding up, and has a provillon for counter- ■ 
acting the cft'cdls of heat and cold. It was regubitcd by 
double altitudes of the Sun’s lower liml), takiin from a 
bafon of quicklllver W'ith a uadley’s qtiadraut of Mia 
ramsden’s making; and the (piickftlvcr was ftiackal from- 
the wind hy a roof, formed by two glaftcs whole planes 
had been ground pcrfc< 5 lly ])ural!el fjy the fame inge- 
nious artift, fo that the time may, I think, he depended 
on within a fecond, or two feconds at the moft. 

My telcfcope, which is of the Gregorian form, was 
made by the late Mrh short; the focal length of the 
great fpeculum being i8 inches, and the aperture 4|- 

: ■■ '‘'h'. inches.-. 
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inches. I iifed a magnifying power of abont 7 5 times 
for the beginning and end, and of about 50 or 5 5 times 
with the micrometer, in meafuring the Sun’s diameter, and 
the diftances between the two cufps ot the luminaties. 

The micrometer, which is an exceeding good one, 
was made alfo by Mr. short. The divided gluis is n<u: 
achromatic, but only a fmgielens, whofc local length is 
about 2,8 feet 5- inches; but as I have not had an oppoi- 
tunity of examining this point myfeli: by adjufting the 
telefeope to parallel rays without the micrometer, and 
then putting it on, and meafuring the dilbuce at which 

ohjedls arefeen dithndtly, 1 have aflumed the Sims apo- 

geal diameter to be 3 1' as given by Mr. short ; and 
on that hypotheiis the following redudiions ot the pints 
of the micrometer are made* Its error was dcteimined 
immecliately hefore the beginning ot the ecliple, l)y 
meafuring the angle fubtended by a fmall ball whiclx is 
on the top of the fpire of Sr. Bride’s Church, in fleet 
Street, alternately before and after o, or the beginning oi 
tlie divifions of the fcale: thelc meafurements were as 
-follow.; 
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Off the icafcs 
or before o. 

On the fcalc, 
or after o. 

Inches, 

Vcr. 

Inches, 

Vcr. 

OjOS 

4 

0,05 

I I 


4 

0)05 

II 

0,05 

Si- 

0,05 

12 

0)05 

4l 

0.05 


0,05 

5 

0,05 

IS 

0,05 

4)3 

0.05 

12,3 



0,05 

4)3 



O3OO 

8,0 


Meari on tlie fcale« , 
Mean off the fcalc* „ 

Difference, . 


Half tlie above difFereiicc, oi* four clivifions of the ver-- 
xiier, = 4^'} 8 3, is the error of the micrometer, to be fub* 
tra6ted ifrom the meafured diftances of the cufps, and 
alfo from the diameters of the Sun, taken near the mid- 


dle of the cclipfe, in the fame direction with the chords • 
which were meafured about the fame time : and, this di- - 
redtion being nearly vertical, . thefe meafurements will, 
in fomc degree, be afFcdted by refradtion;. but they may 
readily be corredted if the altitudes of the Sun be com- ■ 
puted to the times when they were taken, and from; 
thence the effedt of the refradlions. 
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Obfervations on the eclipfe, 


I ■' Parts of the 

“‘Pi me b}‘ Apparent tMicromctcr. 

:ih,cwatclh time, - 

i inches, IVer. 


Red need* 


?June24 3 4i i'/ > 39 '47 
4 2 3 o 3a 

4 4 13 I 2 44 

4 5 2-}+ 3 53 

4 7 5G4 6 25 

4 y 4: 4 7 13 

4 9 23 4 7 54 

4 II 54 9 34 

41231 4 II o 


34 * 4|' 

35 241 
30 221 
37 ^>1 
37 491 
39 9), 


4 52 404 51 8 

4 S3 344 5® 2 

4" ^54 ^^4* 

4 55 104 53 38 

5 345 25 *1 


15 21 . 

3 22 . 

2 23' 
.8 23. 

41 24* 

16 24 + 

19 24 , 

12 2S 
i8 31 

17 3» 

18 31 

17 26 
Mi 27 

a 27 

4 27 

8 27 . 

16 27 

18 27 

15 27 
iSi 27 
i6i 27 

16 27 

14 3.7 

13 27 

4 27 

ai ' 

14 ' ^7 
!&' 31 

31 

^si 33 

1 1 ao 
8 a6 

3 26 
a 2 a, 6 


Beginning very exaft, 
Diliance of the cufps. 
Ditto/ 

Ditto. 

Ditto. 

Ditto;'*, ■ ^ 

Ditto, 

Ditto. 

Diameter of the Sun, 
Ditto. 

Ditto. 

Didance of the cufps. 
Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

■Ditto. 

Ditto. 

Ditto. 

Diameter of the Siin» 
Ditto. 

Ditto. 

Ditto. ■ 

'■ Diflance of the cufps* 
Ditto. 

Ditto. , ; ' ' 

The cad. 
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XL VI. An Edipfe of the Sun June 24, 17 78, ohferved at 
Leicefter. By the Rev. Mr. Ludlam, Vicar of Norton, 
near Leicefter; communicated hy the Aftronomer 
RoyaL 


Eead Juiy 9 ,^’'T^HE beginning was obferved at 111^35' 2 7". 

Qj, according 

to tbe time lliown by the clock, the Sun being a little 
hazy at the end of the eclipfe. 

2,enith diftanccs of the Sun’s upper limb, taken with an 
eighteen inch quadrant made by bird, for determin- 
ing the error of the clock. 


Time by tbe 
sClock, 

Z. Dift. 
OUL. 

’ H -M S 

IV x6 aa 

IV 29 3S 

IV 49 241 

: D M 
■ 5 S 30 

57 3 => 

60 30 


The 
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10 so 

The barometerftood at 29,9 ; the thermometer at 7 1*, 
The error of the Hue of colHmatiou was, in the fiimmer 
of I774> t feconds to he fubtraftud (lee Phil. Tranf. 
vol. Lxy» part 2.). As the (juadraiU has not been ‘altered, 
and indeed feldom nfed fince, I fuppofe the error of the 
iiae of colHmatwn to remain the fame. From the firft 
ohfervation I make the dock to be i' 21" hiitcr than, 
folartime. From the fecond, 1’ 22". From the third, 
if 10/', Taking the mean of thefe, viz, P 22", the be- 
ginning of the eclipfc at Leiceiter was at miv 34 ' the 
end at 1 8' or 1 2" by folar time. 

The difference between the meridians of Greenwich 
and Leicefter, from obfervations in the Philofophical 
Tranfadions, computed by Mr* wales, maftcr of the 
royal mathematical fcliool in GhrifPs Iloi'pital, 

' ' ' . ' ' ■ MS 

4y,S 

IJTawl, April 48, ino, ^ Immciftw) 4 47,8 

Aldebaran, Nov, 18, 1774, EmKi-fiaii 4 50,5 

S.l» .dipft, Jta. ,4, .„8, 4 

, M„ Dxj SEjoui^Sj' inT'he. Memoirs 'of the Academy of 
Sciences for ' 1 7 7 1,. makes die' dijfFerence of the meridians 
of Paris, and Leicefter, from :.the end of the folar edipfe 
of 1 7 69, to be 1 3^ 5.9^^! 'and 'th€' difference of. the mcri- 

'dians 
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dians of Paris and Greenwich, both from the beginning 
and end of that eclipfe, 9' 20''. Whence the dijBFerence 
of the meridians of Greenwich and Leicefter 4' 39'''. 

If we take tlie mean of all thefe computations, we 
fliall have the difference between the meridian of the 
Obfervatory at Greenwich and St. Martin’s Church in, 
Leicefter 4' 35" of time very nearly. 
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XLVII. A ready W&y of Ugbtlng a Candk, by a very mo-’ 
derate mtlrkal Spark, By J olm iBgenVioui z, M, I). 

F. R, S, 


'Read, July 9 , T T has bcco loitg kiiowii that an cic<5hical 

, j-Hg 1 , 

^ ..fpark will kindle fpirit of wine, cfpcdally 
;when previonlly warmed; and that vitriolic aether will 
Ibe kin'dled by ,a very moderate fparkj even when cold. 
i-However, d never faw an elcdtrician who made a com- 
imon ufe of this experiment to light his candle when he 
«had Qccafion for it. The reafon is, bccaiill* though it 
-may be done without much danger of failing in the. at- 
; tempt, yet it requires fume trouble to prepare every thing 
necejOTary for making ihe experiment anfwer with cer- 
tainty. Befitles, tether is very precious, and is eahly loft 
by evaporation before the eleftric power is excited, or 
before every thing is quite re,ady for performing the ex- 
periment. 

I ufed to light my candle a good while ago by the<ex- 
;plofion of a /ma//jur (by ftnall l imderftand one -which 

6 ■ . , ■■ ;has 
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lias eiglit or ten inches of metallic coating, or even lefs) 
in the following manner. As I often amufe myfelf with 
eletStrical experiments, 1 have ahvays an eledrical ma- 
chine, ready for adion, fixed upon a table in my room. 
When I have occafion to light a candle, I charge a fmall 
coated phial, whofc knob is.bent outwards, fo as to hang a 
little over the body of the x)hial; then I wrapfome loofe 
cotton over the extremity of a long brafs pin or a wire, 
fo as to flick moderately faft to its fubftance, I next roll 
this extremity of the pin, wrapped up with cotton, in 
fome fine j)owder of refin (which I always keep in readi- 
nefs upon the table for this xmrpofe, either in a wide- 
mouthed phial or in a loofe paj>er) ; this being done,lap- 
Xdy the extremity of the j)in or wire to the external coat- 
ing of tlic charged phial, and bring, as quickly as poffi- 
ble, the other extremity, wrapped round with cotton, to- 
the knob: the powder of refin takes fire, and communi- 
cates its flame to the cotton, and both together burn long 
enough to light a candle. As I do not want more than 
half a minute to light my candle in this way, I find if 
a readier method than kindling it by flint and fteel, or 
calling a fervant. ' 

I have found, that powder of white or ^yellow refin 
lights- eafier than-that-of hrown. ■ , ■ ■ ; ■ - ■ , ■ 
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The farina lycopodii may be uled for the fame pur- 
pofe, but it is not fo good as the powder of refm, becaufe 
it does not take iirc quite fo readiiy, requiring a ftrongcr 
fpark not to mifs; befidcs, it is fooa burnt away. 

By dipping the cotton in oil of turpentine, the fame 
eifea may be as readily obtain.ed, if you take ajar fome- 
what greater in fize. This oil will inflame fo much the 
readier if you ftrew a few fine particles of brafs upon it. 
q’he pin duft is the beft for this purpofe j but as this oil 
is foattered about by the cxplofion, and, when kindled, 
fills the room with much more fmoke than tiic powder 
of refm, 1 pt'efof the .laft. 

This experiment may be made ufe of for lighting a 
candle in the night as well as in the clay, but lot tins 
purpofe a charged phial foould always be kept in rcadi- 
nefs, and placed where it may be cafdy found in the 
dark. The jar for this pnrpofe flwukl be fiintifhed in tlic 
manner Invented by'Mr. c av allo, w itlii a gkdstube at the 
in fide, reaching from the mouth of the phial to the bot- 
tom, through which tube the wire which eftablUhes 
the com mumcatipn, with the inward coating imffcs, 
which, as foon as the phial is charged, is to be taken, 
.away, 'by .holding it by , the,p|ece of foaling, wax, or glafs 
.rod covered with fealing .yfast, fafteaed to the knob of- 
2 ' ' .the 
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the wire, which wire is only to be put into the glafs tube 
again when the phial is to be difchargecl. 

Mr. CAVALLO finds, that this jar will keep its charge a 
month, if the glafs tube, and likewiie the jar whci'e it 
is not coated, arc carefully lined with fealiiig wax both 
within and without. 

A jar, containing fix or eight pints, fitted up in this 
manner, may be kept as a magazine of elciftrical fire, 
and a little coated phial, juft big enough to light a can- 
dle, may be occafionally applied to it on purpofe to light 
the powder of refin. As foon as this little phial is 
charged, which is done in an inftant, the wire muft be 
taken out of the large jar or magazine, to keep the re- 
mainder of the charge, which may ierve afterwards for 
feveral charges of the little phiah 

I have often carried in my pocket fiich a little jar a 
whole day, on purpofe to fire a kind of piftol loaded 
with inflammable air in the manner deferibed by Mr. 
voL'fA of Como, A phial of about two ounces contained 
ekdrical fire enough to kindle fuch a piftol twenty 
times. In order to take out only as much of the eletftri- 
cal charge as was wanted for this purpofe, I pluh|;ed into 
the glafs tube of the charged phial a fmall glafs tube, 
four inches long, adapted as a ixydehjph^ by flicking 
VoL.'LXVin."' ' ' '6 M 
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ill it at the bottom, which is hermetically fealcdy a bit of 
till foil, an incli.iorig, coiled up, and palling a iimilar bit 
at the oiitfide: a thin wire palled through the tube from 
the infidc tin foil to the opening, wliidi was iimt l>y a. 
fmooth brafs ball ifuck to it, and in contad with the faid . 
wire. The outfidc part of this tube, which was not coated 
with till foil, was lined or varnilhed with foaling wax. . 
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XLVnt. EkBrkal Experiments^ to explain hoTo far the 
Phenomena of the EkSIrophorus maybe accounted for 
^ Dr. Franklin’s Theory of pofthe and negative Elec-- 
tricity \ being the annual heSlure injlitutedby the Will of 
Henry Bakei', Efq. F. R. S. By John Ingenhoufz, 
U. D. F. R. S. 


Read June 4, XT A V I N G had the honour of being ap- 

pointed by the Prefident and Council 
of the Royal Society to read the annual differtation on 
fome philofophical fubjed:, inflituted by our worthy 
member the late Mr, baker, I have endeavoured to pur- 
fue fome ele<5trical experiments, to explain how far the 
FJe&ropborus perpetuus may be accounted for upon the 
almoft generally received theory of Dr, franklin of 
pofitive and negative ele<Stricity. 

THIS eie<£lrical inftrument conhftsof twodiiflferent 
pieces; viz. i . a metallic body, in the form of a plate, or 
any other convenient figure, lurnilhed with an infur 
kting Umcllfi, to be ufed for lifting ft up; and a. aflat 
non-comdufting fubftance, fuch as glafs, refio> ^ foiW® 

. ^ 6 M a,; , , ^ other. 
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other noii-coiKlii£ling matter, \ipan which the faid me- 
tal plate is placed. 

This machine, invcntc<l hy Mr. voi.ta, a learned gen- 
tleman of Como, is certainly u valtuiblc ac<[tuht ion to the 
Elcflrical apparatus. Once excited, it is for a long while 
ready to afford cleairicity enough for all experiments 
which do not require a very great force; and it has the 
advantage of not being lb nuitir afibacd by damp wea- 
ther as the common machines with glals globes, cylin- 
ders, dilk, &c. It is very calliy put in atflion by a 
flight friction with a dry hand, a piece of leather, a rougli 
flein of a hare, a eat, or fomej other an imal . It is as cafy 
to excite with this machine a negative as a polltivc elec- 
tricity. It has the advantage of being capable at almofl: 
all times of affording at pJcalurc ihcli a for<.;c of eledlri- 
city as is wanted, even to Inch a degree, tliat the metal 
plate isv no longer able to contain all the elc^hic fluid 
communicated to it; Init throws it out every way, either 
upon the' metal hppn which the refinotis cake is iifually 
fixed, or into the .air : and this Incrcafe of elctihical 
power is obtained, by the eafeft raearss ; for inftance, by 
charging with the Ele^rophore: a coated phial, and plac- 
ing it afterwards upon' the "ref hows cake' itfelf,. or upon 
the metal' 'plate placed upon;''-the 'fef nous cake (provided 
the metal plate'' be lefs. in'. circumference than there'fi- 
'' ' - ' .. , , ^ nous 
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nous cake, and no metallic communication esift between 
the metal plate and that metal upon which the cake is 
fattened). If the knob of the phialjthus placed, be touched 
by the finger, and then taken away, holding it by the 
knob, the force of the eledlrophore is found to be re- 
markably increafed. 

But a more i)leafing way of increafing the ele<5trical i 
force of this inttrument.is by transferring, alternately the 
metal plate from one refinous cake to another,, and- 
touching it after it is placed upon the cakesv By this • 
method l)oth cakes acquire continually more and more ■ 
electricity; fo that in a Ihort time, by this alternate tran— 
nation, the metal plate returns from either cake quite 
overcharged; and thus Leyden phials may be charged 
by it very ftrongly, and even fo as to break them. . It is ■ 
very remarkable, that by this method the metal plate re- 
turns from one cake in a pofitive, and from the other in, 
a negative ftate. 

This manner of increafing the two electricities was^ 
found out by my learned friend Dr. klinkocb, prqfeflbr 
in .the ‘Univerfity. of Erague, foon after- rhad''pyefi"kim-. 
a defeription of this new inftrument, whic^ I bad re-- 
ceived from his Royal Highnefs the 4rCb-dnke feem- 
NANh'- avery little .while after= had indented. 

' '■ ■■ ■. Iti. 
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It is true, that Father bf.ccar,ia had a long while ago 
excited ail cledlricity, alnioll: perpetual, l>y two panes of 
glals, oiie placed upon the other, e.wh having hut one 
metal coating, andjoincil fogctlicr li) th:it no met a! was 
placed between the two glalH’s. Thefe two lacing 

applied to a prime conduftor of an ciciflrical niacliinc, i'o 
as to receive a charge in the lame way as one f jl.U's coated 
on both tides is to he charged, alford numhcrlefs fj[>arks 
frora both coatings, after the two giatfes have heendif- 
eharged in the common way, liy making a connmmica- 
tion between the two coatings. 

Ill order to produce thefe fparks, the two glailes niuft 
be feparated from one another, fo as to avoid touching- 
the coatings in the moment of feparation. louli of the 
coatings will give a fpark, which may lie rei>eatc’d after 
having replaced the two glalTes one upon anot her. After 
the two glaffes have been thus joined again, an<! muched 
after thdr conjunaion, another fpark is obtained ftom 
both after their feparation ; and thefc l parks may lie thus 
repeated ^\mo^ ad injnhumi i'o that ilielb two glalles, 
once excited, ieein to be an tmexhaufted fourcc of clco 
trieal fpark s. ■Father "'.beccari a calls this experiment' 
eletMcitm v/mkx, Whethef this denoin ination lie a pro-> 
per one fb' convey fome'idea-bf #hat is, iindcrftood 'by 4 

.I.wili n()t now nndertakc ■ 

■ ''6 ' ■ ' '' ' ' ■■ 

■ , ' '' ■ ' , ■■ ■■ ■ ' The 
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The fame Father beccaria had alfo found, that the 
coating of a glafs, after being difcharged, was able to 
give new figns of eledtridty, when taken off by means 
of filk ftrings. 

Some other experiments were made many years ago 
by Mr. cigna of Turin, and by fome other eledricians, 
which have a great deal of fimilarity with the eledtro- 
phore.. . 

But as the inventors of thefe experiments did not 
adapt them as an electrical machine, they do not dimh 
nifli at all, in my opinion, the honour which Mr. volt a 
deferves, for having enriched the eleCtrical apparatus 
with a very fimj'jle and handy machine, continually 
ready to excite as ftrong an electricity as is reguifite for 
the moft ordinary purpofe. 

The novelty and iimplicity of the machine could not 
liut ftrike every cleCtrician; I cannot exprefs how much 
I. was pleafed with the firft fight of it, and with what 
eagemefs I fet alrout endeavouring to underftand the 
nature of it. I analyzed it in various ways : I compared it 
with Father mcc am a's eMirwitas vindescy with 
nary coated glafs, and coated refinous eleCtrics.. 

Some electricians, puzzled with the.ftrapge pheno^- 
mena which it affords, thought it pvejr-turned enti|fjLy : 
the almoft.univerfally received theory of Dr. i 

, , ■ ' ■ ^ ... , , andi! 
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and that it could not he iinderllood Init by cftablifliing 

new principles. 

After couiidcring the matter maturely 1 tljougb.t, thur. 
a-hefc phenomena, tliough at liiii: dgli!: extraortlinuryy 
; could be exphiiie<l l)y the llune pnntipk:.s which were 
already received by almoll cvcj-y jdulolopiicr. 

But before I proceed to my intended ex]'1an;Uion of 
the: molt obvious phenomena of the ckctrophoi u.s, I 
muit beg leave to let down liinic conftant laws, \\ hich 
nature oblerves in the various motions of tlie elctftric 
fluid, and to which ekdlricians do not Ictan to give u luf- 

I . The electric fluid exifts in all ftihilaju'es, in a cer- 
tain. quantity, which is natural to them. 

3. The elecftric fluid is repuinve of itlelf, that is to 
fay^ each particle of electric fluid temis to recede as far 
'from another particle of the fame fluid as it can, 

3. The flate of eletftrkky of a body is that in wdneh 
it has acquired more electrical fluid tlian tluj neiglibour- 
'ing bodiesfor in which it has dds of this' fluid fhan the 
■lurro unding 

In the 'firfli:C*flfei,the;eled;ri^^ fluid tends, to expand 
dtfeif- through /all ''''teiNss.'Uew it> which can by their "na- 
ture reeeive.it. in thhCe^^ctfe, the ekarkal fluid of 
-all the furrounding bodiei'pl^nglefs.xefi^^ 

^ . ■ ■ ' , .',.a,body 
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% body negatively clearified, or having loft a part of its 
natural ftiare of electricity, niflies towards that body, 
and tends to diftufe itfeif throngh it, and thus to difpofc 
itfelf into an ec]viilibrinm. 

5. The reaton why the electric fluid, exifting every 
where, feems to remain inactive in the common ftate of 
nature is, heeaufe all other bodies having their ordinary 
fliarc of this fluid, an equal preflure exifts on all fides. 
Thus, if all the bodies upon the earth were to acquire 
more or Icfs of electric fluid at the fame time, in equal 
proiwrtions, no elctrical phenomena would be the con- 
fequence of fuch a ftate; l)ccaurc the preflure being every 
where ccpial, the repuhive force of the elcdlricar par ti- 
des would l)e every where balanced* Thus two, bodies, 
both negatively or both pofitively electrified, will not 
give a fpark to one another: they only recede more from 
one another, becaufe the other furrounding bodies are 
not In the fame fituation with them. This aflertion 
feems to, be illuftrated by Father beccaria’s electric# 
well (putms ekSiricus)^ which 4$ .nothing but ,a metal 
veffeheledrified, in, which,, two wfk balls, are ft^p^ded 
by filk threads; t:he'h#ls,dpnot-fl.iow figtiRofelecSiricity 
within the' cavity, of the vcflcl,, becaufe,, ,tht',eie< 5 |:ric fluid 
prefles, equally :,otn,' every' , , 

11^, ^ f V * - ^^431 *¥ All * ^ 


,, , 1 ^," ;' 4 ' ! 
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6 . 'All non-c-onduaing botUcs may acquire on each 
part of tteeir Aibttunce more or lefs of the dcdhic fluid, 
as well as cdiiditaitig bodies, at loud to a cctlaiii propor*- 
tion; but they dtj notallow it to pals freely ihrougli ihcir 
fubftance or over their iurfaces. 

■7* AH bodies^ 'whatfoever are fuftxqitible of ekxhricity^ 
pofitive and ‘negative indifferently, eitluT Iry exciting 
them by fiidlion or any other way, or by l>ringing them 
within the fphereof adlionof a body already ck^ihlcal; fo 
tWt k¥di 'iTfef'Hs,'thehellh:onfl«aors may be as eafily 
estdted by ftidion, if iiifidated, as glafs <1;* icaling wax. 
The only material difference between the €cmdiii‘ting 
and non-conduffi ng fubfiances ieems to be, that the elec- 
'■ does hot’ Ypr^ad itfelf ■■fo -calily and 1*0' rapidly 

arc iion-condudlors 
Art' clcdlrical ''fpark 
throafm’hlioffH^'ffiificeo^aqMe^^ infulated, of 

yrhatb^6riehgthffl!fo,*diihfosdHblf'equa'^ through the 
whble'teaf8y'lf“this''meM be foffto itfelf emtof the fphero 
of aa:ion"'bf anbther'ljtkiy dtogedwkh dedlridty. The 
idiole.'eleattdl^b^«toitefcit«tl'%yvf^^ fpark 'is dif-, 
cmtged'at metal. 

Oh 'te.’Cbtttrary, 'ffogsms' rather'' to 'fficic to draf 

■part of a ■hon-conduding fei^y ■ t© 'Which ■ it’ is ''applii^ 
,%feading but dowly 'and owr''''itsfdffacey',floai 

'i4L' . #*1% 
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Whidi it may be taken by degrees, by tovicbing thofe 
X)arts to wbich it was applied. There are foaie bodies 
which fcem to be of a middle ftate between thefe two, 
tlirough which, the elcdtric liuid propagates as 
through good coiuhidlors, but flowly, fuch as common 
wood, moift air, and many other' bodies. Electricity items 
to diffufe itfelf through thefe bodies almoft as lugar and 
fait difhife thcrafelves through water, fpreading farther 
and farther through the liquid. • ; „ 

8. All thofe bcKlks, which are non-condudors, fcem 
to accpiire a ftate of eledricity with forac reludance; 
and, after they have aceprired it, to hold it more tena- 
cioiitly> or to part with it with mojrc <iifficuity, than cqn« 
cludors. Om touch takes away all the ele^ridty of a 
metallic body, h-^it does not abfolutcly convey away all the 
clcdricity of a piece ol glals or another eledtiic bodyjlvic,|ji 
aS fealing wax, amber, &c, The metal plate ot an elec- 
trophdre take^ dmoft no elearidty at all from the reft- 
nous cake, if it be liftcil up without having been touched 

whendt wasufmntlie'Cirke*',.: ^ , ... 

.,■9. AlV\reftnous hndksy.ijlk/and 

4more' tenadoufly' thm toe.- of .dearidtyito^ 
however-dry. ' -.Thirs -a.piece.pf :gl'd:i->^to 'h .alp.:^#' 
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being applied to it; bnt a refinous body, though touched’, 

retains ftill a great lliarc of its elearicity. 

10. Aconduaing IxHly int'ulated, l>eing placed within 
the fphere of adhon of an excited noti-corulu<ffing bod)', 
or even in contaa with it, ac<iiiircs at ihe fiune time two 
contrary elcaricitics; mz, the part in contaa, or very 
near the non-conduaing elearified lK>dy, atapdres a 
contrary elearicity to that of the non-cmKluaing body, 
at the fame time that the oppolite or faithcrmoft extre- 
mity is poiMed of the fame elearicity wit h the con- 
duaingbody. 

V conduaing body infulated, being in contaa 

with another conduaing body excited with cither elco 
dttcity,. acquires tbe feme elearicity throtighout its whole 

extenlkm,’'or''''dmde»' with- this body its dearkity 

'■ 12. Btitah'mfnlatfed'' conduaing kKly, Mng'hnly in 
the iphere of aaion bf-anbther" elearified .conduaing 
'body, acquires, as iiithe'firft mentioned' .cafe, two dife 
ferent elearicities at the fame tim'e; towards' t'he 
eleari€ed‘''b 6 d'yft"'icquitcs' a' contrary 'elearicity, 'and at 
the oppofite extrethte'h:':a©quire 3 'the fame kind of elee» 
ti^ai^'With'the eleafllk^ 

■ It feeiiS'therefore ^ nattircj that'' the etoo 

'trfe^fiuid a body,'and'i»dis''aii 

. ' ■ ' ■ ' ' ©'bftmaions 
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tibfiriTiS^ion in its free paffage to another neighbouring 
body by tiie intcrpofitioo of a non-conducing body (fuch 
as dryair,glafs, See.) forces l)y its repulfivc power the elec- 
tric fl.ukl naturally contained in ail bodies to the further- 
moft extremity of the neighbouring body, fo as to excite 
in its near eft extremity a kind of defeC of the eleCric 
fluid, or a kind of vacuum, till at laft the accumulation 
of the eleCric fluid becomes fo great upon the eleCrified 
body, that it overpowers the refiftance of the interme- 
diate non-conduCing iubftancc,' forces its way through it,, 
and ruflies in the form of a. fimrk upon, the neighbour- 
ing boily.. 

If the cleCric fluid be thrown upon the furface of a 
pane of glafe, coated on both fides with a metallic fub- 
flance, fuch as tin- foil; the fluid, finding an obftntCion 
to. its paflage through the body, iscrouded upon that fur- 
face of the glafs which has received it; forces the efedric 
fluid out of the other furface, if fome conduaing body 
ismear it, or in contaa .with it, and can convey it away,;, till 
' this fluid becomes fo' much, ,crouded upon that furf|c^;as 
•to overpower the refiftance oi th€glafs,and.tQ.fprie 4 ^® w,ay 
through the,fubft;aioce of 'tlaie glafs,, in order. to diflufC' it- 
fdf .u'lxan the, other furface, upon which.;W» produced 'a' 
kindiof'' 'Vacuum t '. The glafs being..||ips'rent.is 
.able to. he what m called charged; but a.fter,l^|.fCropded; 

,•„ ' ' "elecf- 
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eleftrical iluicl of a prime conductor has in the £ime 
manner rent the plate of air (whiidi olhlrucSled to a cei " 
tain degree its free pahlige Ijctwcen the prime eondna-.or 
and the ncighhouring body) by giviny; it a (park, the 
fame fpark may be repealed at [dealurc, beratEle the 
opening hw.*mcd by the fpark through the plate of air is 
immediately flint np again according to the nature of all 
fluids. 

If ah ihfnlatctV condiKSling body he fituated in the 
■manner defl'5i!)ed, ii) as to iKSfll'fs at its tlifTcrc.ut extremi- 
tief acontrary elearicitygit may impat t to any ot her lKKiy 
brought in cohtaa with it, or within its flrikinp, diflance, 
a lhare of that elean'city xvhit h it lias acx|uired aa its far- 
thernioll: extremity. The former body, fo tom hcil, has ef- 
fe6tuallyfo&'thatpart of-efc£lrical flviul winch was in a 
icfe'rfaih'*l3i&hhbf'h^^ upon that extremitv : and *h vre* 

fphcre'':of adlion ofthvex* 
■citeil"' bdd^^*'ah, "fon ihflnht-e, ' a "prime cou<hiitor, htfor 
having'' fhhslofth^part; of thchloftrlc'flukl c miidctl upon 
its extrehiiiff is.'fottnd 'to"'pd^fS''''h'^ negative alvBr'mtf if 
the excited 'Ifody pcjfltive, ■ ancl-'a pofitive if .the ek*- 
foited lwcly'\hMu"h^^'a#fiEi.hnef' 

'Thus \ve fee h't>W''flif#<S'Mw1ft%elievC'Whati;seomttumI.y' 
hfcmcd-hi^"*afa<Sl', that a'.hsift^'‘|>fatoged in^t-b«'ttrmofpiiei«' 
'cle£hrif!W;‘ B&dy, 

.•'trilry "to 'that of the ele^dlrifled body. If the hotly '.'plunged 

'. " ' . ' ■ ' ' ■' ' ■' ' in 
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in this ntmofphcre be of a fmall extent, it will be found 
fo 1:0 all appearance, becaufc the two extremities of a 
fmall body cannot be feparately examined; whereas a 
body of a certain extent exhibits in a very jicrceptible 
manner the two ditlincl eleblTicities. I'he rcufon of this 
wonderful phenomenon is to be untlciilood by the prin- 
ciples adopted, and may without oiiidi attention be im- 
dcrltood, if wc ftippofe the excited body to be in a pofi- 
tive ftate of eledricky; for in this cate the atmofphere 
of eledric fluid furronnding the excited l)ody forces by 
its repiililve quality the clcdric fluid of the neighbour- 
ing body towards itvS farthermotl extremity, and thus ac- 
ciiraulatcs or croiuis it upon that extremity, from which 
extremity it is therefore ready to fly off upon any other 
body, which is of a nature to receive it, being brought 
near enough. 

If the excited body be in a ftate of negative clcdrkity, 
the explanation is not fo obvious as in the poiitive cafe: 
it requires fame. more atteittioO' to .conceive, what paffes,. 
Xhe.' excited 'body, having loft .japart'Of -its, natural,t||,^,^;' 
ofelc€lric flU3d,.'a.kihd, of.vacttuhi,. if^;! may:s 4 iil; 4 t-fo, 
takes .place upon 'this. body.,. ^ The .elo£ltj^.5&i?d:of.'any 
other 'body ' bei,ng ■ iU" its natural ftate,,^an^i,|hefefoi'e, in# 
fcilAd:^Of.:in«ftivity, confined- as it,::5rt»,iwithin 
fey the'‘elttSl3M fluid, of aft the.' fuiwoundlng 

'’'at. 
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at liberty, exerts its natural rcpulfivc <|iiality towards 
that body, iii^n which it docs not find a liinilar quantity 
of elearic fluid rclhling its fpring, or its chiHit: and rc- 
piilfive quality ; it thercJorc rudics rowan is that kind of 
vacuum which exifls upon a body negatively dearified; 
and thus the elearic fluid of this body, loling its jiatu- 
ral ftateof equilibrium, ami acciiniulatiiig itlclf towards 
the vacuum, produces there a rctil poUtivc dediridty, at 
the fame time that the oppofitc extremity has a negative 
one. 

Before I go farther, I muft fiwnk tme wtrni more of 
that particular quality of conduaing iKKiics, by which 
they receive, with a kimi of rehiaancc, either ftate of 
elearicity; and, after having received it, part with the 
fame with as much feeming difliculty. This <|uality, not 
urtkmown to attentive elearicians, who mull have oh- 
ferved' itphas ooramonly appeared fomewhat extraordi- 
nary and difficult to be Ijelievcd by many eledritians, to 
whotnl have happened to explain my theory of the dec* 
trophore,' ' 'As this quality is. the foundation of this theory, 
I conceive 'it ■ wilhaotbe amifs- to demonflrate'it By faas. 

. The flrft part.'"of.:ihis, inherent ' quality .of non-co'n- 
duaing bodies, 'receivlli^.;aiflate of ekarfdty with .more 
'difficulty.than conduaing.b6dies, is eafdy ''ffiewii by thi? 
following ' experinami|.i»' piece of, ch y glafsi'.BehJ 

<iieaf 
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near a prime concliiAor, will receive no elediidty, or al- 
moft none, at the fame diftancc as that at which a piece of 
metal or another concluding fubttancc will have i-cceivecl 
a conftderable degree of cle6lricity, or even a full fpark. 

The fecund part of this inherent quality may be. thus 
demonftrated : a piece of metal infidated, as, for inftance, 
the metal plate of an eledroj^hore, placed upon the cake 
of refill excited with a confiderahle degree of eledricity, 
will not receive any eledricity at all, or only a faint one, 
when it is feparated from the cake without having been 
touched when it was in contad with the cake, or in the 
lj[)herc of adion of the cake, though it was really in a 
Hate of adual eledricity all the time it was upon the 
pla'e. Now, if the cake of refin did part as eafily with 
its ftate of eledricity as the metal plate, it woukUeave 
a confiderabie degree of eledricity upon the metal platjp, ; 
the more as it is well known that the metal does ^m% 


at all refift the receiving of it. 

Though it, would .bepwhaps in vain 'to attempt a , 
ther «|3kfiation of^This inherent,, -quality, of 
d«#ing bodies,, rbe.,«afy (to of 

nattt«»e.:hy. an<exaiiiple:-'of ,:-wther, dnfeei^ht,t«pfify in. all 

'i:NEW-’roN..:€all,p^yth^ ,w. 
and is aw> which. m.atter, put 

',.1^n, and.;, when, if is nnee put in .motion. re<iuirp/.:a6^.mnch 
Vo'L. Lxvin.' ■' .6 0, ■■ ■ 
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force to flop its motion ns it required to 1)c l,)rought from 

a ftate of reit to that of motion. 

Let\is now confuler attentively the hate of a hotly 
fituatech as I have bclorenlcrcrihed, hi the li>bere of ac- 
tion of an excited dearie; as, tor iidiuncc, a take of re- 
fin, a flat glafs, or any other non-condmliing fubharicc; 
or, in other words, let us confider tlie ftate of the metal 
plate placed upon the reiinoiis ( akcot an dcaropliore, 
fuppofing this cake to be excited with a pufltive deart- 
city ; which elearidty it acquires calily l>y llidistg the 
knob of a Leyden iihial, charged hi the common way, 
overits^ furface :and by various other ways. . 'Fhe i'uper- 
abiindant dearie fluid of the cake repels tlic dearie 
fluid of the metal plate to its faithermofi cxtriimlry, and 
excites there an accumulation of that fluid ; or, in other 
words, produces there a pofltivc dearicity, whillt it pro- 
duces 'a negative dedlricity at the furface in contact with 
the cake. '''' 'C ' ■ ■ ■ ' ■ ' 

Ifrin .this' condition a conducting body be brought in 
contact with .the metal'^ plate,.' or w.ithin its ftrikirig dif- 
tance, it receives -afpark from it; which fpark is the cle- 
triofluid of the metal'plate.croudcd upon the extremity 
•of the metal by the repulfive’force of die fiiper-abundant 
eledric fluid of the cake. ,■ ■ ' • 
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If the metal plate be touched at that fide where it is 
really in a negative ftate, it will, notwithftanding, part 
with its accumulated poll live cle6lricity ; becaufe the re- 
pul, five power of the atmofphcre of the cake will force 
this crouded elc6tric fluid out of whatever part of the 
raetal is touched, the clc£tric fluid pafiiug through me- 
tals very freely. 

The metal plate, thus deprived of the eleftric fluid 
crouded upon it, becomes in a negative ftate; but the re- 
pellent power of the eleiftric fluid of the cake continuing 
to iidi upon the metal plate, forces what remains in it 
towards the fartherraoft extremity, fo as to produce 
much the lame ftate as it had before it was init tipon the 
cake ; fo that the negative ftate, in which it is in reality, 
cannot appear l)ut when this metal is taken out of the 
prelling a< 5 tion of the atniofphcrc of the cake; and 
therefore the metal plate being removed, by the infu- 
lating handle, from the cake, gives evident figns of hav- 
ing loft a part of its natural lhare of elcdric fluid; or, in 
otlicr words, of being ckiftrifietl negatively, tlie refinous 
cake , being more tenacious ■ of the ftate of ele^icity, 
which it hatl acquired, than the metal plate* , 

Ifthea-efinouscakebeinaftateof negative, eledricity,; 
(w.h|c|i.,.it acqiiircs by a.fridion cither,, a dry han(|^i^|,, 
piece of kather,,or a rough fkin; or by flkling t]^|'jicga-' ,■ 
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tivc part of a clinrgeil i^hial upon it, or by many other 

ways) the contrarv nvvift happe^n, the dearie fluid 

of the roctu! {>latc, fiiKhnc; a kind of vacinim upon the 
rciincakf.y ruilics upon it, and thtrv leaves its oppohtc 
extremity in a negative ftatc. 

A conduaing body, having its natural (piantity of 
eleifric fluid, being brotiglrt near this metal plate, gives 
it a fpark, which ipark the metal plate retains as an addi- 
tional rpiantity. If the metal plate he afterwards fcita- 
rated from the cake, it muit retain this nddititmal tjunn- 
tity which it has received from the appioatliittg IkkIv; 
beeatife the refmous cake being, from its natttre, more 
tenacious of the ftatc of cletflricify acrpiired than the me- 
tal, remains thereabout in the fame condition as it was 
before the metal plate was placed u|K)n it; but the metal 
pllte',h*avittg acquired an additional quantity in tlte time it 
was placedhrpott the cake, ea.rrics with it this quantity, and 
muft' therefore return tYorn the cake in a pofltive ftate, 

Thik cottftrras what I fliid before, that In the fidl cafe 
the cake of r^lindoeS' not quit readily the elefiric fluid 
which it had aciqulred; and, in the fccondxafe, does not 
Ileal from the the electric fluid which ith'ad 

loft. V' , V''v, ; ' ■ ■ ■ . , , ' : : 

What happens to thfe' metal plate placed upon the re- 
flnous cake happe:iis metal upon/which'vthe' 

refinous cake is 'commonly fixed; but the reverfemuft 

'■ , . take 
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take place, that is to fay, when the upper plate is taken 
off the cake in a pofitivc ftate, the metal under the cake 
mnft be found in a negative ftate, if the elecSlrophore be 
placed upon an elciSlrical Hand. 

It may be alked, what difference there is between an 
cledrophore and a coated phial, or a ffat glafs coated on 
both fides and charged ? I anfwcr, that there is none at 
all, if both or only one of the metallic coatings can be 
taken off by filk ftrings, a piece of fealing wax, or any 
other infiilating fubllancc. The very fame day I received 
the ele<51:rophorc feat to me by his Royal Highnefs the 
Archduke feiidinand from Milan (which elcdlrophore 
was a thin refinous cake ftiick upon a flat piece of metal, 
to which was adapted a metal |date furhiflied with a glafs 
handle to lift it up) I produced the fame appearance by a 
common pane of glafs and the metal plate of the eledro- 
phore ; but foon finding that glafs, however dry, quickly 
lofcs its elcdfricity (probably from its eafily attrading 
TOoitture from the air) I tried to cover it with a lefmous 
fubftimee, or to varnilh it over with a hard copal var- 
niOi'; by which means it' visas' eafily excited by'^fri&ion, 
and fctalned'tf long while the elearkal power, though^ 
•not'&long asthe 're'fihous'cake. 

■ ’ f wilhnow explain the -nature of 'ameiOifffophoreritt'a'': 

rntthner ■Jhore'fsiifliliai' to ele<ffiricians, who utftterffand-: 

’ . '• ''V' . ; ■ ' ■ ' ' ■ ■' ■ ■ , ' 'the.' 
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= the received theory, by taking in!lc;ul of an eloclrophore 
KKily a common pane of ghift, adapted as a magical pic- 
ture, with thi:5 diilhrcncc only, tliat both coatijygs may l)c 
taken off by dik ilrings fallened to them, or by }?k<:cs of 
'fcaling wax. Having eH:ab!illu:d a free toinnuuiication 
between the common llocknml the under coat iny;, apply 
the upper coating to tlic prime conduaor of an ordinary 
;elearical machine, the pane of glafs is charged in tlie 
; common way. The prime comludor has forced a fu}>ci> 
.ahundaiit qttantity of elctflric fluid upon the furfacc next 
to it, by means of the coating, and as much is fttreed out 
-of the opiwfite furfacq, and driven htto the common 
flock, . Gpen a metallic communication Ijctwccu the ttvo 
coatings, and inftantly the glals will be, as we c:ull it, dif- 
■.charged : and, indeed, it is fo to all appearance; but, if 
we examine more accnrately w,hat has haiipencd, we 
jQrall find, that the upper metallic coating has parted, by 
the difcharge, with all the eledrh: fluitl which the prime 
condudtor had forced upon it, and even with that part of 
its own elesffric,, fluid which fhe , repellent .|,iowcr' of the 
iiipcr-abundanf,^l|^rtp fluid, eommunicatedto tliat fvir-, 
fapeof the gdafs; by .the force of ■ oharg;i,ng, had tliivm 
into it;, and that the under coating has recovered' as much 
.as the glafi;liad 'forced thropgh,ltinto the common flock, 
.and has above 'thtit acquire4',^^.^orb , that additipnai : 

, " , 'quantity 
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quantity which that fnrface of the glafs, being brought 
into a negative ftate, had drawn from the metal itfelf. 
And thus it will appear, that the glafs had, in the 4if- 
charging, by no means parted with that ftate of eJedtri-^ 
city which it had acquired by the force of charging. ■ 
Now, glafs and all eleihic fiibftances receiving with ' 
more difficulty a ftate of elcdldcity, and parting with it 
with . more reluctance, the confequence mull be, that j 
when the two coatings are feparated from the glafs, fo as 
not to be in the way of abforbing or lofing the eleClric fluid 
by other conduifing bodies being near them, the upper 
coating, which was politive when the glafs was charged, 
and nearly in its natural ftate, when after the dif- 
charge it remained in conjunction with the glafs, miift 
now give figus of a negative elcdtricity, having loft by 
tbe difcliai'gc a fliare of even its natural eledric fluid in 
the manner mentioned. The under coating, which was 
in a negative ftate when the glafs was Charged, and (like 
the other coating) in a natural ftate when, after the 
clifcharge it remained in conjuiiCtitm' with the: glafs, mnft 
jriow^ being feparated 'from the.glal% be in 'dr^poftrivefratCj 
becaufe it had abforbed a quantity of ele£tric fluid in the 
manner explained; which fuper-abundant {piantity it 
muft take with it in the mp&nt of feparatiou From'' the 
glafs, becaufe the glafs being imwlling eafily to ebange 

■ its 
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itsacq\iiredftatc of ckaricity leaves the metal without 
rol>l)iup' it of that quantity i>t Ihiid whieli it had ac- 

(jiiired. 

If thefe two coatings, hiparatcd from the glais, are 
brought near one another, they attradi t:u:h other; a 
fpark eiifues, becaufc the coating, which has iKapured a 
fupcr-almndant quantity of dearie iimd, imparts it to 
the other, which had loft as much; and thus a pertea 

equilibrium is reftored between them. 

If both thefe Goatings are applied as before upon the 
fame glafs, a pofitbe fpark may be obtained from the up- 
■ the othti . If 

they am.fcparatalagain from the glais,-as in the ftrft c^fc, 
the iippcniioft coating will afford a negative Ipaik, and 
the. undermoft ,a pofitive; and thc& alternate Jixuks m,ay 

^ he'cBntin«ed'’»'very tong whUe* 

; jwfcaiy with the 
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XTJX. Ol^fervoJlcns and Experiments tending to confirm 
J)r, IiigcnhouiVs T'/jcory of the EJeBropborus\ and to 
fair the Impermeahility of Giafs to Ek&ric Fluid. 
Jly William ilcnly, F. R. S. 


Read July 9, T~^R. FRANKLIN has ohfcrvcd, “ That 

1^78. i M 

“ there is a great quantity of the elec- 
trical fire in glafs; that what it has it holds; and that 
it has as much as it can Isold: that what is already in 
it refufes, or ftrongdy repels any acklitional quantity: 
that when an additional quantity is applied to one fur- 
face of aqjbial (for inifance, by the atraofphere of an 
excited tube) a quantity is repelled or driven out of the 
inner furface of that lidc intf) tlic velTel, returning 
again into its pores, when the excited tulic with its at- 
mofphcre is witlulrawn; and that the particles of that 
“ atmofphcre do not thcmfclvcs pals through the glafs,” 
The following experiments, i think, remarkably il- 
hiftratc this, l»y Ihewing that IkkUcs are very diftcrently 
VoL. LXVilL 6 . " ' . ;;;,;ateaed 
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affetel by a Jluid zding immediately upon tlicm 
ibrout^b glafst, or by udbng upon them immediately by 
the abo^ e n\cutioucd. 

EXP E 11 1 M .E N T, 

A circular box, three or I'oiir inches in diameter, 
and a quarter of an inch deep, is iurnilhed witli a 
thin glafs fur a top. In this box fl atter ibmc very 
fmall feel filings, or fvft tlicm into It tbrcnt;.;li a piece: of 
■writing paper, -which has a number of holes pricked 
thrQug|.-;t,:if.,w|fe.|.;^ 'Then -apply one of the ends of -a 
magnetic bar to the upper furface of the glafs ; tltc filings 
will be inftantly attracted to the glafs, and remain liiere 
as long as the magnet is tlius fufpemlcd over ibein; but 
the moment it is removed, the filings full to the bottom 
of the box, and there remain at rclt 'I'hc glafs then being 
made perfeiftly clean and warm, let a fme piece t>f am- 
ber, fealing wax, 8 cc* be Ih'ongly excited aiut applii ilto 
it as the magnet' was, in the ■ former experiment; the 
filings will be infiaiitly in motioii, and will contioue lb 
for fome fcconds'* When- their -mcjitioii ceaf'es, witlwkaw 
the amber, &c\ andthe-'motion.of theftlings will be re- 
newed, and.continue as 'at.-firfi j .this fhew§,.I think, that ia:- 
3. ' ■' ^ . - ■ . botht 
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1x)tli cafes, they really aCt as coiidu6lors of the cletStric 
fliikl between the lower furface of the glafs and the hot- 
of the l)ox, ill order to reftore an equilibrium, as 
tsjion Dr. frank-Lin’s principles they ought to do; and 
tiiat the cle6lric fluid does not, like the magnetic, abfo- 
iutcly i>crmcate the glafs, 

experiment. 

Take a clean, dry, thin jihial, about four inches 
long, and one inch in diameter. In the cork of this 
phial fix a fmall loop of very fine iron wire. In the loop 
fvtipend another wire, about two inches and an half in 
length, by a fimilar loop; and on the lower end hang a 
liglit round l>all of the pith of elder or cork, and be care- 
ful to give the wire as free a motion as poffible. Let one 
of the ends of a final! magnetic bar be brought near the 
fide of the phial, and the little ball will inftantly come to 
the glafs, and there remain as long as the magnet is held 
within the diftance of its influence. Remove the mag-^ 
net, and the liali inttantly retires to, and remains in the 
center of die phial: then dry and warm the glafs, and 
let an eleitric ftrongly excited be applied to the fide of the 
phial, as the magnet was in the former experimenttdhe 

6 P s: 
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ball inftantiy comes to the lido of llic and there re- 
mains jTonic fccoiidsj and then vetuiii'' Jo tht; t(.:ntci' ol 
the pliial. Withdraw now the excinh clehrii, , nud the 
ball inlhintly returns to the trials tipon tlve f>ri:u ipU; be- 
fore mentioned, which ivS more eotnpleie!) ihtun by the 

jSlings in the little box. 


K X P 12 II I M 12 X r. 

Let a piece of thin gluls Ixr placed as a cover to a 
circiilar box, about fix inches in dianiticr, and tlsrec 
(luartcrs of an inch (Iccp; put into tlte Ihk twenty 
or thirty light balls of t:ork, or of tlic |)iLii ofeUler; 
then, having made tlie glals very dry ami warm, expuie 
the fiirface of it to the electric matrer ifruine, from tlie 
X>rime condiiaor to a good eiceirical mac hitjc, rite Intlk 
cvill be iiiftantly in motion, aiul will lb coutimie i>)r ionic 
time, the box being moved in hK;h manner th, a every 
part of the glals may 'be afllvhed. 'fheu remove tlio 
box, and the balls being at rctl, turn the e, la!'., placing 
the tipper fiu’iaeedovvinvard; tiic IuvIIh w ill then iull.uuly 
renew their motion. When this iccond motion ccafcs, 
touch;. the furfuce of thcvglafs near the center v. iih, a 
finger^' OTj vvliicU is better, ' with; a round, imootli piece 

■; , ' ... Of, 
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of wood or racial, the balls will inflantly fly to either of 
theic, and w'iil frequently pile tbemfclves up between 
tlie glafs a!id the bottom of the box, eight or ten in a 
pile, aiKl will remove tbemfclves, following tlic wood, 
&c. to different |sarts of tlie glafs, till the charge is ex- 
haiifted. Apply the glafs again to the condiidor as be- 
fore, and when the motion of the balls nearly ccafcs, 
remove the glafs, and place on each furfacc a circular 
coating of metal, reaching within an inch of the edge of 
the glafs all round. Make a communication bct\veen 
thefe coatings, and tlie glafs will then flicw that it has 
been- clvargcd, ant! ; hi give a very ftrong Ihock: this 
proves, tbat tbc ue^lric matter diil n.ot abfoiutcly pafs 
through the glafs, but only acted on the eleiSlrkity 
inherent in it in the rammer explained by Dr, fkank 
LIN. 

The direction of tlic electric matter, in the difeharge 
of the Leyden l)ottk‘, hatli licen fliewn in a variety ol 
methods (fee Fhiloii)phical 'rranjlktions, vol. lxiv. and 
Lxvn.); but f fhali here menlkm one which, I think,, 
a very curious addiiion to the number, kir, lullim, <ji 
G eneva, placed two wires, the one upon, the other un- 
der, a card, the ends of the wires, in contact with the 
card, being about an incli from cueh other. This appat.. 

'T.atiis. 
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Tatus being made a jiart ot the circuit;, a charged Inittlc 
of a proper fize was difeharged tlirough ii : wlnai the 
charge palled along the fuifaco <d‘lhe » ;>rd tVoia ih.o < ;u1 
of that wire into -which it was «UlI'!nirsp.d, till it i-anie to 
the end of the other wire, and thetv picovd a. Imle 
through the card, pafling by that wire to the nc.teifnc 
fide of the buttle; and this happened whether the hotile 
was charged politively or negatively. A leanied and in* 
gcnioiis correrpondent of nfinc, tlic honninahle iou-jik- 
Ric CHEisTiAN MAitiuNtt, connfcilfw of lltio at Copen- 
hagen, has improved this experiment, by Sirli p.iiniinp; 
the in a line about half an inch broad on eat h l iir- 
face with Vermillion. 11te thar.ip* palling in this line 
(the card being prevloully well-dried) Jliew.', it,, ixdHigc 
by a black markon the Vermillion, rlic tnark Ijcingon 
one fide of the card when the bottle is t barged poli- 
tively, and on the other fide efi- it when the Itoitie is 
charged negatively. To which I wmild :uld, that a line 
of light is feen upon one furfaceof tlie card u»roii‘;h the 
whole fpace between the ends mf the wires in one i, ale, 
for inilance, when the bttttle b duirgcd polidvcly. Hut 
no light is feett in the other cafe, that is, when the borile 
is charged negativelyptitt the eledrkity hurih a hole 
fhrovigh"the,card to get ''af the 'Wire which h in contidl 

' '''"'a'hd'a':-; with 



on Dr. iNGENHotrsz’s Experiments. 1055 
with the negative fide of the bottle, as in this cafe the 
charge pafles along the under forface of the card. If 
the card be placed vertically between two infulated 
wires, as in the imiverfaL dilcharger, defciibed in Mr. 
CAVALLo’s Trcatifc on Elci5tricity, the experiment may 
be made with great facility and certainty. The card 
may be fixed on a bit of fealing wax, or fet in a piece of 
wood, fiiwn to a proper depth with a fine tenon faw,. 
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Jniic iS. Mr* jeaurnt* 

'Mr. I>siK|ukt\ 


^’TAbbe Roller. 

|iily 9 # Society of Ariti^wries, 


Theory of the Ikutli* R* 

ElTay tie rMi>r iba.% r,E*i»» 4^* 

Elfincsiiti IToi'ico praticc del Blaienia- 
tiche pure, umu V ID 4^ 

A Lill ot various lulifioiis of the Bible# 8'“'^ 
lliiloirc ties prcmi.;r,s temps dii AFoikIc. S* 
Nouvelles Literalres dc divers Raya. 8’'"* 
Ephemerldes AilronomicK# 

Du Fronortic daus Ics Bfaladics Aigucs 8® 
A Collection of Prints in Imitation of 
Drawings# 2 vol$# fob 

The Theory and FraClice of liuR 
bandry# 4^ 

A fet of Micrometers in a Shagreen Cafe* 
The Grammatical Works of Don Gregorio 
<lc Mayans, 9 vols# la® 

The 5th voL of the new Edition of 
CImucer* 

A Defeription of the late Mr, Robert- 
fonhj improvement of the Gunters 
fcale as executed by Meir, Nairne 
and Blunt. 

Monument elevc Li Gloirc de Pierre 2 c 
Grand. fo!« 

A Sermon, cmitkd Providence and 
Free-agcncy*’’*' 4* 

A , Colleflion tjf Medical Effays# 1 1* 
A Fhdofophicid Difc# of Kartlu B* 

Conncfdihnte dcs feiispis pour lyfo* 8^^ 
Obfcrvatioms AilrommvMpws fkiiesh Toii« 
loufe. 4^ 

De Ca'iifni Rom# Juris, loin# W* para L 4® 
Obfervations PliyrH|iica, toimX# 4*^ 
An Idibrical Defeription ' of an aiideni: 
IVmiing sH Cowdry in Suffet* 
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INDEX 

TO THE 

S I X T Y ^ E I G H T H V O L M E\, 

OF T H £■ 

PHILOSOPHICAL TRANSACTIG'NS.. 


A.: , 

TER r, liow pimiflied among the Battas in Sumatrai p. i 6 (\ 

Aif* Experiments upon air^ and the of different kinds of eilluvia upon ifp, 
made at y#rk» p# 194. Soil and fnuation of York deferibed^ p. 195^ xcjb*- De*. 
feription of the apparatus tiled In making,, the experiments^ p*,i97*^ Experiments - 
on the date of the air, p. 19S, 199* Experiments to find the effe£b of animal ex* 
halations npon air, p* r 99— sou To difeover the ciFcdb of vegetable efhnvia upon 
iir, |v Remarks on thofe experiments, and on the dreadful -con fcqucnccs 

ariling from animal mi' vegetable matter, in a.llaie of corruption, p. 203—3074 
The elTtfl of eiluvia from i,ipe frnk upon, air, p.. 307, .aoS* Experiments on the 
cfcdl: of cidonrs itpo,n air, .p« 209,- Plants have a different property m them in 

ihcir growing llate, p^ zto* Experiments on the edeifls of the efilwvia Rom mod!, 
ttiai'lliy, and other kinds of foils, npan air, 210— 217* Loiimy, vegetable eanh, 

contains Imt liultMSoxIowii elllavia, p» atH, Pure, clay and (kmi foils favourable to 
Iwalili, m ihey emit no noxious ■dBuvk, ibid* Inferences proved , by the preceding 
experimentf, p^ 2t%^z20^ 

Jif, ttficoiiimoiily dmr iimCheacr,' p* X34* Water mmEth mi purifies m ren- 
dered non ion t by refpimtion and putrcMion, p.' 14.U ' Concerning the expanfion. 
of air in incafiiring Iveightlw with the barometer, p, 683— 6S4t 

J§imri» fmne ikfcii|’«tion of one, p* 396, hji mkmn* 

Jigdrau Oft the arkhmctic of impalfibk guantidcs, p. 313—343* RcdecHons on the 
cofiiaitt«kat% of motion by imparl md gfavhy, p* Obfcrvaiions on 

ihf,. 


[ to6f> 


the Hmtis of equations ; aiii! a t’riacinniatidn rf rrr. Carte;, V, 

ni!e for finfiir*' C'oir ntitniter r.f iiCnnwii-.e aiui lujj.aivr. low:', p, jHii. A 

mctliod Ot' fiiuiinsv t>y the help t.f Cm- llinui ilicnceni, a near 

value <■! iti e-n' f-nvly convfif'in;?, intii.nv i'-i i .r «f- -I-. -■ .{. ’ 


&<;, u licit ,e I'l very neatly equal t i I* j'. R j j - ntetli, ! i*' vfi,-. i, (l.ti- 

tl.i'i’:, niki ii/i' ?clelv!ii;>' mu* cafe oi ai'ul a !; ■'.•e.-ui-m e.f tiii;, y.ins, , ,,, 

tiif other util* of the tann: <• iiKituiii, whi-.h ti ir, 'ci nanii.-.lly fuel oju-I.c, asnl 
which isihercfon: often ealleil the irtcUii.ihie i.ife, p. .je.*-— ypi. 

ofwnc, on its ufv. for the yiiriMf S elcslfiie.u eNuiai;,,,,, p, 
the proooitifiijriH’.' ittm.-H'j ui inha' itat t: that ilte th .laauio), p. njj. 

AihitnitiJh tail quantiiie’, of ttilla (hcri*, p, 5. it fr.sl arc*. .1 cmitiuetalhe naile hctwccn 


that town anJ IIa!!an<J, p 6. 


JiiaWjk, Mr. liiit necmtitt of a larj;.'' ftonc nrar Chipr ’{'own, p. 01— tt'fi. 

J/iimah. or the Iwai, &c. of animals, p. 7* The mmr p'-rfe:!. itMimals h.ive the 
grcatell piwrr of retainini; a (lainlaitl heat, p. if. 1 Itry vary liinn ihrir iliirelard 
Iteitl by tisltTttalnppHcatioiWortiifctfr, p. S— i t J':vprntnri;f;i to (ir;.! ihr tliiici- 
ettcc in the tjuukiTeii, fif the tiaiilitmn «'»' hr.tt ami iv|.| in livii.j-, ari! j 
ami if the /.Itifuihi. to whiefi farh w-sah! fo «etr tUlImvnf, p 1^, ,<U'. I', it-, of 

au animal capabl* of ktoininf, much eoMer than the ctjmitn 11 or n .ttif;! hear, 
■' 'f, 1-4, 'l?. The fame partfi otjunble of becoming; mueb Itotwr th.m tin* ilntni.irtl heat 
oftmlinab, p. i';— ly. Afhi#! hrat itureakil ami by the .ipplitutbn «f 

cxtcjrn.1l folti } anti the heat vsrktl ao’wtdiiny' wj the powers «.»f InV, in ihc fame 
|)sm, ami ia different parti of (hr fame nninntl, p, iivri-y part nf an «nj, 

mal i» not of the l.imc degree of heat, p, FbwIi fomr dryici'i wittmer 

than qnjtdrupeds, p, *j— jjj. Imperfcfl d-ifle* of aninMl# cHpabk ef vaiying ihrir 
heat to that Ifamktd which ran fireeac ihe fiilidi «i* (ItthJi* when ile.itl, p, *7. 
Kvp<'nmctii.i JO (Ificimiiw what ds^rtr r>l heal fmpetfcfl siiiinah entihl be 
to, p, jy, iff. Todnetmine whether lift hai, «ny pmver uf reJtJling heat amt nlsS 
in thefe cliffisi of animnlu. p. ih, Ftiwerol refilling Iimi ami mhf tailln in .miiiiji! 
(jjhjfijiicrt devoid of apparent o^nieatioo anti motion, p. Prm.irtu rm 

the !(ifrt>o(jig exfwritticnw, p. 30«“3}, Kejierimcot* ih fimt'mp, pan,, ,4 ajiimals, 
wiili a view in fre if dwy wimW bf' jntJloted to Ifw aftwn* m life when thawed. 

p. 34 ~-j«. ^ 

,f*WexlMiai!tH!a, ejrprrlwiefitl’te Ssd their O'fTeflimpwti »>, p, npi-,-3ei, 

their opljaions coneeminf tli«'(»(»m«fjie«ri»f of Btoiion to k>dic«, p. 34 4, 

MrririmmjMum, the eM ttf their eMiivitt upon air, p, soi, 

Jutififik of -the wtirei of Rb««, eoneerning it, f. j5»*i. The hahiiatitwi md 

mmm of living of a M&m bm difceiW, p. h#|— 6*y. Thik wanner of pre 

■■ - -■ . ' . ■ ■ 
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paring the common drink, called Ruftquafi?^ p. 6:^7, Ihw ihe Leucrlhitof 
«|iiafL* or keefla lichee, h made, j\ 629 ^ Remarks 011 it* |n 6 :q, 6 ] 0 . 1 lieir 
manner of iiiakij*g rfc btead^ p. 6jo^63U Hove thcii lalluJ C'H;?;rnbrr.': e.ie |?ri> 
pared, p* Ouder food which Inis the fame tcnikmq/> |n 6 ;,j, Of their 
clieuJrma^ batlu'!, and inamuT of Ikepiuf;, p» 6j4, 

J::ih v.iu :l;. kind:', in f.hc Cadia country of Ihimatra, jn 17:. 

Dcfcrlpiion ol eae to dicw the ddferenc cdllaHs of points and hails at the 
upper terminations of omdudlois, to fecurc houfcj kc* from lighining, p. 151^^ 1 i;'\ 
EipcrimeiU's will] ir, |% 156 — 1^9, Deferipuons of an apparatus uknt in making 
experiments on the effeeU of ditlercnc kinds of efflavia upon air, p* 19;* i)c- 
fcjiption of one fn* making new experiments on the natujc and ofe of Cinuhidars, 
p* 247-— 254. Meivft:remo.ifi, thereof, p. jii— jtj. Defcrlpdoii of a farmed 
apparatus for detenmining the cfFcfls of pointed and iplicrica! tci'minations to con- 
diittorSj p* I00i;‘"-“]i0v04« Defeription of the dciHrophoru?^ p, 10^7, tkc. 

An account of a iitoll dreadful putrid fever, caiifcd by die Arabs timong the 
Turks M Buffora, p. 21^, 

Jrm/my. An effiiy on pyrometry and areometry, and on ph}Tical meafurcs in gc- 
i‘i c ral ^ p . 419* Ike Jy.mw/i'y* 

Jr//l'ffky Ida opinii)!! concerning the communicating of modoo to bodie% ^*544* 

Oi\ the arithiTictic of impoHihie (juantldcs, p, 3 ih— 3,1.3, 
its c:tieA:i: u|’»on m\ p* 

jl/irmommi Ofymwm imulcin the Anllrlun Kctherlaiula, in tlic years 1774^ 
*lnd 17754 p* 637, How the ohrcrvalkms were taken,, and with what inhnnnentr, 
p, (i39^'--64f, laHigitudert of f<*venil places, {5*640 Lutiu:dc‘ of the Refuge dc 
Vrowperg, Rue iks Dominiiiuaincs, at Louvain, p, 64a, 643, Its lengiw‘»U: dcvh^ced 
from obfervaiicnw of Jupiterks iatcUitc^s {5,644. For dm hmgiii-Oc ch louvaii^ 
p, Farther oyfowadous oi Louvain, p, 654, 645a For the lov:giiude 

of BrulIHsv p. ’Imnln r olTcrvations at Uru llelfj p. 6395 660* 

Jmdfihfh lixpcrimcms upon wgcuHhrsi, nLpcCiing tlmir u:m|i‘,.!rafiire comparaiivrfy 
wiih iliae of die aiiiiofphcrts irs dilforcnt fcafons^ yn .|j -.Rk diau: m the atmo- 
fpiicrft and fcafon precaling the emtlHiuakes of r/49 and jn zii., Stece of 
iheni preceding ihe carilu|mtke at Maneiudlor, ke* p. (.imaTiiiBg cer- 

isiin iiiniofpheres whkli bodici have round them' when properly ciwrgedAvidi clallic 
fluid, p. J07— J09. 

Jhfirm aftronomiciil obfcmtions made there in the years 177^, 1774. 

and *775, |!i 637# Stc J/mmmiPi/mmimf* 

B. 
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R.ikff Icdurc far .'liR ywr < '‘‘■'’•‘J f'J’ Ir'genJicuf/., p, in.-y 


ef\ 


',VM' 

Ihn. IIk- n'liToi' fiifi! ipinp-^wicr, t’.citiuil of.-uHv^n l.allp, ?!.; 

"tV'iiiincJ !</ cKiifrimi'nl'. ; {nJw w.-.it'h ’u uli.. -.1 ’In- (vl.ui .u ,.| i|,.. ;t,,.,,il vi> 

!<Tr> to (I'lt-wciglu uf ill'.! ilwt am! sit- .itiaufi.y ct rsM.iU-t, p. ?,>. :•■>• > pn 

J’tlls at the upptT H'lniui.ilion ot i: m.ltic M! :, i ' ii'Ciin' iunifei, It 'litiiui;;, 

not fo pt.lnts, p. ( 5 ?--i5y- iUtt.micii i'omK,a.T, l.t-t.ic !m.;.!..,;v. a:.,.t,:lt 

thet-flrehof lightitirg I'Cttrr thwi p.nnojJ tniM. f. /!;.#«<;. i'oinu-.i t.., 
K.'omn'.mded as th<; mci! cli'. au-t! forth!., piirp.tfo, f. 1 t;. Imjtihy whether 
Iharp orWurtt-pointt;.] coittltiaori art- »».* t.t preffp-vr !taiKlit>j.4 Jrt'rn Iss'lititins, 
p. 801— Hjo. I«pmm'>nu on efotSrfoH), ('t i«g ■■'tt .tiifirtjit ttt ihi-tv the iitU'aitt.ij.,!; 
ofclevatai pwnttt.l p. 8. Ufmat!:'. .»n Mr. Wiilht.’,. ('t.pfri- 

n-Mts on tit.' naittre nrJ «fo of comlttaors, ikt-SOr-, N'-no t- |X‘rlt«ert!« on the 


Uytifo phla!, idpeftiniJ iJiw wnnitsati-.it nt c tu.tu.i o., p. vO'jt—i tt 1, 

Bumks (a ktw! ofredi), kail! with it in thf (ft .to! of S.ttn.tlr.t, p. th,, y»w 

tbB inhaWtamti write with if. p. tf'-l. t’fr'l thrii h.nitit;n».if.. p. Hr;, u^',. 

atari fo'p’f and in thf |tirt.'li td Blaiiiffoii! i'Vmo*, ipcint. 

, forty yeary, p.'6i?. ikt Bkf, 4 fh>tf F<j.- 

of o.ak, why prclbtftl for she jiuii'Sfo cf lauainp, p. n }. Iit*w pwiniin! for 
thatofe, ihid, 

Thomas, efq. tshftraa of hir re|5iilrrof the b.tmmfsrr. iltettooiiiescr, an»I r.iin, 
at Lyndon in Rutland, in tho year 1 “y j, p. .si !• See 
Bmmttff, ttstoof it at Foit H(. y«>r};« in she Kad hnlie;, dtirin;; ih^r miisufts of 
■OiStoher, Nnvnfiiwr, and Detcifiber, lyyh, p. i8j«— And tii jattn.iry ami 
IVbro.ny tyry, »!‘8-.-n)s. Ahftr*ff nf a rrjdtVr of the h^ststmeter. {hrrtifiitirter, 
ami r.iin. rit l.ytnfoii in Kwtiand,' for she year spy, p. ..fj. Sri’ ;«,i, .Staieol' 
tlm barometer at HtilUd for the year 1777, p. SfC* I 'Wufi.tt fm r.ieh (tmnih 
ShroBf.hout th« , f»ns« year* p. < 7 Sl— <(')';> tfreateti, k.sll, and inratt hety^lu vl ii 
there in esfih mansh, , 

MiiwHift, (.‘iiiiipaiiliw between Sir y»rfe bhutkbnrpb ««i! (’«>htrrl RnyN nifoa for 
(hr mrafuremens nf height* with the iMrometer, p, bHi. t'irnrral iwiefpm.sh'nce uf 
iheir rcfulftf, ibid. Some little diffi rfoee in their cm;|tiirir* ariftng fmm siie t\< 
panhoo ofijukkfilw and .lls*«»p»«fw»n «sf air,:p. fiSr. On the eiptaiion for spiick- 
. fiiver, p. <■«.', 6Kj. tin the -8l'r,'p.^f^8j, l>»4. A c«it(pinsi<w n( their 

ohfofvatjtjni, f(. tidt;. il«n.irlci awThe coinparifbit, p. fcSb, hdy. A iww lule f«r 
■ .reducing the sthlWvatwrtif,, p. 688. . 

iMarmih, near I,,8cdi, 'aJonrH^l of.tltf ;^«i»«tity.»f f«i»i that foil thtiB frwit ryya to 

' p* 17 *.',,, V'''.'' ' . , . > ... - 
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;1)C wratluM* at Montreal^ p. 550* JfWIvn 
'.‘i la tiie wmIiu oi tlic '.nwn of OlvNir, ;kh! ufVd ,’•??; pni!*; hi the llreetf;^ 
p. 7 , roli:.tiU!'5 al'thi! i'lnu.* {oi'i. in !.ho wall? ard fdr^H'a of the tenut nl' *kAin^ p« I* 
i?,.p;..>,% a lhj«‘ !»•:■ flse inuf'd» i'lhaai, n Mr St. iViipiic!^ p- 6rr*;, (:o^., 

I* /'rii, u’ ;:cr7>iiiit af A mall ilrcnd^ul putrltl fever ihere, canwJ by die Araha,, [\ ah;* 
iA*/ the iiili,;!i*i'..iAt;> t»f the C’ailhi country in SiuiKunt fo called^ |\ 165. A pairii- 
cuhif aerrumf alhlitmi, p, vie. 

i'.i.liin, hlh opiJUi.m conceruing the cloiuls conveying dearie Iluidj p. 229* /u 
CoJiccriiUip^ ios |n'T|H’£iusl ch.-tftrieity, p. lOjOj iOji. 

Mtkl li;pcii,ne»*ts on titc air of a bed, p, 199, 200. Clofc beds onv/holcfomc m 
difeafes, iiutl. 

Bm* a letter from, Niulnnkl i?olhill, efq; on Mr. Debraw'^s improvements ia tlie 
culiure of bees, p* 107—1 tn. 

IhrJti^ tlu‘ proponiDtiuble iuinibcr of inhabitants that die there annually, p» i5;4, 
iiVw;?;.AV. iiii I’pitdosi cottccniiug the coEnnumicating of motion 10 bodies, with obfer* 
vationa tlrercon, p. ji;d — jbo» 2)^4—376. 

SLmiptJ I lot flu, an account ot'b iptifins, murriager, Jmd burials there during 

forty years, |u 6i bha|air/ concej'uir.g the cxirnordiaary hihibncy of thw country, 
p, / Number of Inhabitant^ p. 6i6* The yearly avmge of deaths i to 

jq, p., (Mb, fry. 'Fable of the baptilbs, marriages^ and buriub, duriiig forty years, 
p. fF‘.h Total ofeaeh, with remarks thereon, p, 619. ^Annual average of baptifms 
and butsa'a In the tmr decennial periods of the tore „<dng table, p.bzo. The whole 
innu!)cr of I uriah in each month, ami each quarUri.1' the year col kftivciy, through- 
om, the whole of the above perital, p. 62% 

lU’Uv the feurvy h ijiit'Ciducvti into it, p. 66e*, How to prevent and com:^ the 
dil'ordcr liy food, p* Am I we iSV/m-ry. 

Biut an nc count of it, p. 7B9, "pjO* 

*otmiYj tindr letter in fur John Prinplcj, cnclofing a letter from Mr* Wilfon 

10 hjs ioui m account of hb eypcrimciits on tlie aature arul ufc of con*^ 

dinfWi'fi. p 

JhhU^yjffh MrJ'ii'* Ivitcr conectning an accident from ligjiiuingat Ihirlkct, p, aja*. 
ikJh$^ Diillfenc'e id' e^pudori coriC«*riting the cornuumicattem of nimhm w bodies by 
impafi mnl gravity^ yn 344—7147* The lawn by whieli motion iscomniimiatcd, and 
the auifrs which prtnlticc ilda ditrciwnce of ophfmn, fully ccmhclcrfd, 

CAiiecrniug dm mcafurc of the e^pariftoift of bodies by heat, p* 

Jcigiaiid liiadhrs, the noxious effefts of dulr effluvia upon air, p. « 1 2—217,. 

mwn of'i many columns of bafakeaiir Ita walk and ilrceti, p. 3# Paved wMc 
Itva, ibid# A hmd volcatiic tuffa ufcd there for bulWingf ibid# 

Mmrt llabiiaiioft and maimer of liviug of a Ruffian boor ckfcrikd^ p. 623-^613# 

Vqu LXV'HR 6 T Srmiimhrih 
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the prcf oiu’ovuibk ntmiWiVof lliat di# ‘ui conn try pr,iill;r that 

aniiiuilly* |>» $ S"t* 

Mn^J. wakirit r,;^ 

ihviUu\ ilu‘ pHtiH^^n'aruililr nruJicr of in'ia- ih.;! tilt i! J re nti-He^Fu y, k;?, 

;/.h4 viiiMi ofa lomml Icpi Laiv ife |n 

, Iun ddeuyAm Ijr UMUf,:,fa' i\ t;; f,;:. y, 

■■■ -SooO' 

Ih'ismii, lulioiHWiieal ir.'vnikrs kr ii> Inii-,auJc% |% f:cv-“'C-L% 

kilkitas ihc iuui liuii *J cu’cai-,*: . ia tsu- K\\Uh‘. caui.oy hi :h;ja:ii-a, 

■ .p* |■■66• ic3S-* ■ ■ ■ 

pmiits at file lif |a r trmiuatlioan rf iiU fa! f ^ uif e m if. ..a 

tlna p* I)i. Vumll:u\i nieail, uli a Intifaityu 

Mcf^curt fioin tk* auaclo.ol lipfuiiint, r* F'FI i*.'nh. 4 ’aa; ili? lajifiaic 

k!i«'r than paiiitad oacs f* 14;, ;a\ r**:aJ J rnalm . leMimfittahJ m ilia nv 4 

dikiiial fe tiib piirpok\ p, :^i ;'f y. Iin’pury vihc^la II ay vt !4uaM Miulril 

iliieiaw lire tii« fiiHil t« |m;luu: kaaltr.yyi InaM iv^krhi y, p. y-.f^ ..ih* 1. 

liit'ula on rli'CUkity^ bdi^^ nn afirinpi l!r'iv tke ,i hai.i lya fj rf' i;ti» <1 |♦ntlitril <m\» 
i:hu‘K>rif» p, ^ H.a« r?;r* <‘ai f* , \V nfw r.^|v»i,!ifa 4 anit tjliynafiiirri 

inilhe lumtrc ami wk rif tnnl«a?nT<, \\ ikiuipkon ui'4 iiioil vliUlual 

meihoti of Scaring buildiny/ afn'iir-ll nrc. /hr/, 

M^rkh^ liaptilbw# and niairypyt, in ihc p*ii 4 !i tk Ihhm.Ilwtd Foriiisn !hiik'% iiming loil| 
yearsi p* 615. I:icc PlmJ/mJ 

(hiiiw {» called} praccis lor immf, ilic«i^ 1% 1 1 iCn 

■■'•'" Ck 

Cdkt^fi finir* a great imiBjnimik llir Rtillliiifi p 

tb’/. 7 /h’/k 7 n *\'i *hxmui of the C 4 lcnbiikii»» riiiJi? fHOn ilir fbury ami iriraikt-i fahrit 

iimivlicinillk'ii, m iifilrrki ifV-rir.iin ik mean iktiliiyvil' ihr; |o ficr 

Emk ,i;v ■:h ., , 

Ttie timilitticift ©f ami bk«tili 4 ppy lrlhw‘fiil!efern m Caf^ 

eilll.!^ |n '.on,;, ^ ^ . 

C//i// 7 r«, 4 ir »riikalik kn up'm\^ su) in ifie Ihi/bUi'al of tlr^iid, ttn m'rninn of it^ 
p, I’wafi, IVrfcHfi mm 4 nijiraknt % ik. waitok p. ^..44 

ikknkhi nJgiifis IKwf r#/ll|» tffll lit their vftkivU iip.an ai}^ p* 

CWw,i/kii» piHiCli far mnnliig p, iif— ufn 

"' Naiivr c-iinpliii'C aduflOTici tiy tht Cfcintf%4 p, ■ 

|» 4 fll« iicc©p«l af ik |n *•%# 
ik, rftis g|HW iffi |k . ■' ' 

low l«vtri,ii:c 'li liici^i, ie|. 



n v.iiy cif Tylung it by a %Hry au^.-tv^.U' fy:!\ ?\ ir^?. : tf 

/%Vt% A /. .;/ 

1‘rt* lb?ri? nf lir pur’pr.'.vAc'f^ .ir;.,i il'c h*b; r.*b-.cb*rr r ; y.;.^ 
I by u\prnu%’!j!’ ; fr^n %\h\>:h it i*bbw:v bjc^/^l rV j * , tP,. i P-.J 

v*ir<,J‘y lo du' Wi.;b^lu of Jjt* fluil' raid ihc qi!:i;Ki‘y ob r.j rn .;■(,» Jh,\: 

Vy* 

/‘ iVi.Vi/ /ib/A, joiir< 5 ;il of a vrjvjni thither, p. 391—104, hVurn thuice bb!- 
i*r.d\ Ib-n b |\ 40^— .| f b# 

ail acoyjnt uf a large done near there, p, fo;— rofb 
Ca^Ja^i* A new rkU'IuhI of {yueijtling (brdaub rale for refblving one cafe of a cnbicf: 
e(piatii«)n oi* this form, ijx z::r to the other calh of the fann* cqu.iifon^ wircli 

it is not naturally fitted to folye, and which is therefore often called the iiTcdwdblc 

cafe, p. yo2-94y. 

Carmifiiifiu the ehcil of ihcdr c'lutvia upon air, p. 202* 

C\ 7 j/m, a pauicalar accfusni; of tltc inhabitant?^ of the Calla country in Sumatra^ p, 
i6»p*«*r/i. See iSb.vw.O'i/. A dclhriptbiii of the CaUla tree, p, 169. 

Mr. m cxmimi of hin meilanl ofrepaiibg broken Leyden phials^ fa as t® 
make ilicivi again tifeful for iotpcriincnts, |% loii, tots. 

Ol'f//ihv'iL‘, Yprriiinfut i and oldhryaikms on lead ore, p. Ubj* Sea Im/ Oti, 
iJv/kr, Obrcivaiioiis on the popuhmati and difeafo of Chcilcr in die year 1774, 
|H tji* bioine fc>v ialatary peculiaritka iu the fayation of CIseilcr, p* I3r«*<^.r33* 
*riie air tmcoiinnoidy clear, |% 154. The centre the moil healthy part of the city , 
p. 136, I3y'--'i4(k Why the fuhurbsare more unhealthy than the reft of the town,, 
p, I3y*-«i40» Ctmccniiiig the fevers which appeared in this ycar^ p* 141, 142* 
Hie propoiiio^ai f.itality of the natural fmalkpoK,, 1% 142, 143—145. The age 
when chlhlien IIkhiU be inoculHcd, p* 143. The women live longer than men, 
p, tp|, (hiciler fcciiliarly fivattrahle to the female conftiiiuioiH ibid. The propor* 
lion inarri a! 10 immarried pmfoiift, ildd* Why Chcller i$ tuifavouniblc m popu- 
laihnii 1 1 M The proportimi of deaths this year, llfuk Table of detths, and 
CtHidiiinns P* * 17 * Table of difefes, p. 14^. Total of tkaihi, in the winter, 
Ipriiig* fimiincr, ami .lytunm, p. Ikaihs by fmalbpox daring the fame time,» 
sldiL Deailks by final! -poif nmler one year old, ibid, fhatc cif pitpahtion, fmalb 
px, and fcvrrr, p. fjm Clcnern! bill of the fevera! parilbw for tee years, from 
1764 to 1773, |o Oencral Wit Tor ihe'y«» W 74 ^ ntmbers dwt 

die aniuiatly in flic frvfral parlflies, lakee epoe mi nverngc of ten years, from 1764 
to 1773^ p. ii;3. 'The proportiomiWe number of inhabitants that die annually in 
various placcs'i p« 1 54. 

their ftpiindng caafecl by cwrieg weak eyes, p» 90* The propereft age to 
inot,u!ate them, p. 

(JMmk adulterate the iwiivc amphlre, p* i6fi 

’ iTat 
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r/rty foil ursfiiifOuraWe to lieahli, p. jiS. 
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Ctduwf, Mr, j. feni'» account of a tcm.iif j’ ,V itcjiritcfUtni of %’t', u'ltk 

rcg.irtl to coltmi", ]>, f»i ,v- fn 1. h, tl.v uj.'fi in uliidi tlw 

vaiifUf colimri. iua« J c.Hh oilict' >»» uichi:'.! Ica.l, p. 'ip.j- .;,i •. 

waitk of, acock fioxcn, «.uH a vinv u» kc U ihcp wad<! he. scii.iicl to tli« 
tQions of life when tkawc*!, 

Cmmiiift, The report of the foii«fH(t« appi.iittcil fy die Poj-.ii Soctriv, fur c’t.j. 
ffliniag the clfca of lightning on the }MMprs c-.n<J of il,c Inmlc <*( the nf 
oranaiwe at Purfleet, p. k/i, ,51 ,1-317. hor f.r .liflhtf jtf 

from the report of the. ommitt'-e oppoitHcl to ernstdr) Willint'!, rxirimiDti 
intlutliiig rwiiaib on f*me rxpffimcnij riUiltiini fy M,. p, —,'*'1. 

Au,ux<Hm(nf iltr wlv.im»{p s 01 » nrw-ineew, J n;,,- li v.mni in 

it). dirt'i% wry nlHnl f.ir iirtrrOTi.ii..|» the prrfoi inoyrtniwi hrtwcctt 
moveabk* sfting hy Imcfii, ao»l oJn-el. «n4 p, ,>{. 

Variation ol the campafr obferve,! dn. ,«p « v,n ..ge f -m» |.;„j;U,h| „» 

;!inl III u.-fnt, 

ilie wloi.r,', 1)1 rhe t totmoy in Pututura. fo ralfr.!. p. 
tW«de«. I', .iota at ,be.r appr twtnmatkin, nwrr of fri than I,. li t to iw nre 

lightning, p, tjj|— 1,|^, Rni)tnk 4 conilwfrnrs frfnrc hmUii.iw wiMlnjl the 
tMhni hc<«r thon, pnUtti p, 

wiiduftert wtmtticmird a* the moll, rifecioal for ihia parpofr. p, 

Node ol ue mthi»,Ke at Wanchclfoi .pirfitaforly j,»u4 i« ihoir ht.ufn, ,.hkh Lw 
fornithwl e.,(h ei.orfortor,, p. rry. 'rheefficey fp„4«a-.rt with fl atp ;i,,a !.[„« 
conliilercd, feperimoma on ekarkhp. hcii.g a,, lujof t 
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m ffiffvv tljc ndv'riiMdre of debated pointed condia^1(^rs, n. S^j. See luh^i^riafv, R*> 
iTjaikscm Mi\ \l' iUou^i' eximinwnls on the nuttjrc and uR ef condudors^ |% 

M-“hv e'^q.caiuenf?! an the Leyden |dii.d, rcfprf^inp^' tdse tfTmir.aiion of con-* 
';9 }* cm ] fuily’.s c.s'pcrimcnfj (henv tliai pfdnitrd 

t« I mniadous arc prrU‘r,;h‘c to Ipluricul om-f;* p. <}99» icon. Oncejf Mr. He«lyL» 
r;Hpr:lmmns conrrad'Rkd fry an experimemi \k iooo. D.irription of a forked appa* 
ra!!.;* for doKnioiinny; the fad upon which the diflerence Lemed lo depand, p. icof 
Faiths;r eKperimentii contradicting Mr, Henlyhs, p, Refuk 

'of the cx|.M:r‘ments at Dr. iandV, p. 1007. Higgiads with the 

foikcd appararns, p. tcoS. Of fame after Mr, Ilenly’s manner, p, 1009. And of 
fooic ar Mr, PartingtonV, p. joto, loii. An account of Air* Cawllo’s method of~ 
ri9:K:uring broken Leyden phiak, fo as to make them again ufefui for experiment^ 

p. IQ r I, 10 1 5. 

CtmiraSiOfi. cure of a naifcidar contradion by dcdiricity, p, 97*«-**ioi. 

Cmumimi falted oner, how prepared in Ruiha, p. 652. 

f»y/iWcm> elctbicaL the moil eaJy and cilcclual method ofdeariiiig them 5 p* S6i, S6a^ . 


D*. 

Ale^iandcr, chip his journal of a voyage to the Eiifl; Indies in the year 1775,.^ 
|>, 3 8 1 1 6# Sec T 4 ika* 

Dr, KrafnuiSj his account of ;i new cafe in h|ijinting, p, S6* See 
i)«w,dr Simgks* 'Lnick of ilie diip Lion from England to Davlsk Streiglits and La- 
Lradwe, with obfervationa for determining the longitude by fun and moon, and 
error of conmion reckoning; alfo the variation of the compaL^ and dip of the' 
needle, obferved fs wring the voyage in 1776, p. tojy# Stc Ijm* 

, The proportion of death.^ in Chelkr in the year 1774^ p# 145, Deaths there, 
p, uiy*-***! 'Deaths there by the fmalbpox in the fume year, p, yjo, 
iWn/m A hnicr from Nathaniel Foll'dII, cAp on MrcDebrawk improvements in tlie 
cwkiirc of bceS) p, 

ibr, fhe rlwr, fmric accowiif. of 14 p, H33* 

M i.m, Mr. Joins Andrew, hh edhy on pyrometry and- areO'metry, and on phyfical 
invafiircs in general, |k, 4I94 See PjmMfrj and Jmmurf* 

II’ M'kfhm.^ Dr* (I’larks, his obfervauons on the feurvy, p. 66 k See Smrrp 
ik^///y. An aiXiH'uit of the calculations made from the fnrvey and nteafures taken mt 
Scheh-tlliim, in order to afcertaln the mean dcnfity of tbe^, earth, . p* 6St> ^ See 

BiiCrnm. OhDivaimns on ihe limits of algebraical cgwatbsis ; and- a general de- 
iimrJIraiion of tu Caitosb rule for finding fckir,ftiimbei of allirmatifc and iiegntive 

p, 

Bkl. 
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CoRccmiiij: the aiuifepik rej^inicn among the Ruffians, p. 6?.:. Ilu- 

// of IcO'ij requires ilw prnwu povwr ci Iiinit an aiumrJ cm r’:'r% |\ 

' JUnTtnrk k'c tlr^pinq- needle in a v .a - r tt» rSf 

knll I* l/.f ‘ f the vi\ilh^ \ bu fu‘ti dunr- a tj c dirai Tr ». 

IjshI t<s Havud'. 8i«Ti;da7 itkvd LJartlnre lu i ; ; '7 |\ ■ na'jj, 

./.V//7/,*.a Oin^’rvailt'U.s iJii tl'.c iHJ/t^Iaunu aiu! duraf'’'; %*l i heia r ui ij^r. j..,, ^ 

|a i;;u kcc (,'/k/ar, ^tau* «d difrelc'i at Iku’l < k orp^r in iii-i’. fn/iie tl-ulne 
th(* mruuhi nf i). .dam, I^siivcnLcr, |.\.iMif.cr, spp.'n mSkI Jasina)’ .aid Uiiaarv 
! 777 jiP* 39J. tanal! mnni;^ ard c^ilc 1 cdj. iitiwludddnm in idlaalL’fi, p. ft,.|, ,a 

occaffoiiril hy usnvl»olni"*n;c ImhI, nujll Ijc rtntnl hy .1 a inkiiaii <jF ihc itnui 
iifclf, p. 6()t^Lc, iStapnaicd in.aliict* dlkiJh^ p, 3 pj, 

l):ulfSf ilaipiatcdj proJack clrfiMfea^ p. t j;;— iqip 

erpcriiMcntti on one relative m ik hrai, p.r *VUr,l^-Muu ui l)ut\i:iu\i 
dn^VS P* 

iu Iklii very wrcfnl in cltMnPn'^, rkOriciI cv’inakt:^ |k dCku 
ike cliiif of each %illage in Ihiinatrn lb called^ p* 

Dfiiy*;r?k the villages in I’hiiii.ilra^ fo railed, p* tftf,, 

jD^rw'iY, exiHflirnenti* on luine relaiive to tladr hear, p, 

i}r0 of die inunaiiicd ivonnni of the idnda mninov in ^ iniiatfaj p* iir/* 

wlnit tkir «le, p. lybh i'onjechiie i^ineerninj^ the diflcicnce of Ike ii 
a. -dronespp.a.'og* ^ 

.Drmhmityi aiul ijiutt'oiiy dellreCiive in liealdH p, i 

Mdiifh die propwiioiiaWe niifiibcr of inlialnianis tlwc dk liiere atniiially, p* 1 q* 

DsJcUorJ', the court of ilie palace of ilie ck-ctar-paUtiiic tlicit! paceli H'idi « lav* 

bfonglii from Uikcl, |n i» 

Ik 

imrih ktptwiffii I17 (mm^ P*;H* 

i£«rtl». An tmmn of tlie cakulatlisni maite fraiji ihc farvey .hk! nirafures taken m 
Kthciiallifn, iu <>«!«■' W ilu? mean .Icffity of tlir cartli, p. t.«y. A fyuoplA of 

Ik: iiOKjjoiiw! .iml vcrticiii tliat were ofifeevetl at tlic piiofijial pninti in wukiujf 

.. the fijrvey about Stiiclialllcii, p, 6ij(— -yot, Of ihe nreafuri? of (Itc two friitrij ai If.ifi 
.p. yoa—yso, Meafttrsof flwrtw Hue*, p. Other nwtlmtli of aiating il.c cak 
culatioai, p, 7 1 a—ya r, AWraH tli* tefulM. of the comautation of ihr t; 
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yiS-*— 77^- attn^Hon compared to tliat of the whole caith, p. 779, Cm* 

tlic ileiiliiy of the malti.T in the hill, p. 7B1— j-t'];* Il.‘iria?kh aKKcniiri|:^ the 
inr';« i^-:nihy of die canity p. 7K3, 71^4* llinl.s for other iorpaiircn^tdii ihhi iinforawit 
iivpory, |\ 7 h,p«<-*yH 8 . 

All accoiuu of the carflniuokt! which wa!^ felt at Manclieflcr and other 
in the year 1777, p* — ’,27, j)r, inuhek,)hi account of the Hate of the at- 
aiiolplicrc aiul ihidm prmKltu'^ the carthqui.kes of iy.;rj^ ^ 7 S^f>V* ^*‘'^** of the 

weather prcccd lap; this earthquake, p* 5ar;-— 

very common in the iflaud of Sumatra, p. 163. 

fr 07 .cn, with a view to fee if tht7 would be rcHored to the aaions of life 
when thawcrl, p* 3d. 

£aji hJu's. A nietcorological diary, kc, kept at Fort Su George in tlie Eai! ludicsq p* 
180* See Mtieorck^imi Dimy* Journal of a voyage to the EaH Indies in the year 
1 7 7 f , p* 3 fk)— 1 6. See Tai^ku 

Ohierv.'Uions on the foiar edipfo of June 24, ty'/S, p. 1013-— 1018,^ The fame 
obfervfd at Lcitxiler, p. 1019— -to -u* 

the pmportitmable number of iuhabitauts that die there annually, p. 1 34* 
tU'i'pcnmcnls on one relative to its inait, p. ,27* F/qKniiiK’nts on a living and dead 
0111% to ilcterminc whether life had a power ofrcfitling heat and cold, p» abb 
MJiuviii. itvperiiuents upon air, and the of dilFcrent kinds of ciluvia tipon 14 , 

made at York, p^ tq.f . See 

rim cuts ou fume, to determlnejiiow far they would Hand ''the lefts of a living, 
principle, p« aS, stp To cklmninc the comparative heat between a living and a dead . 
egg; ami wht'iher a hviog egg be fubje^l to the fame laws with the more imp>crf€d. 
animahi) p* 29, 30 » 

MkSrk JiuiJ^ the con limit laws obferved hi the various motions of it, p* 1032— 
Keriiark;* concerning It, p# 156, iliC. Obiervations and e^eperiments tending to con- 
firm Dr* IngcnhcnilVds theory of the eltaiirophorus; mui to lliew the impermeability of' 
fj;ds tes ehx^lric fluid, p# '5 0,|9-^if0if5, 

Mkirkaf ExiHrimnsis, an account of Ibffic, p. Defeription of an apparatim to fliew 

' the tlifibtnt cilhds of pointfs and balk at the upper terminations (ft’' coudndin'sy to fecure 
houfri^&ie from l.ighmiii|7, p» In e.vpcnmentii wiili puiiiw for ihc upper 

tiTmiimbfiJi the ctoud cmij;4ies 'ihfdf without the kail p, x In ex:-- 

pCflmciiM with WIs at the upper terminations the 'clouds make expfofiDiiH according 
m the fiw of the ' l«:dh> firing the magr/dnesj p» 157* Remarks coflccrning the nfe of 
. pints a| the, upper eiidu of €omhiap% Further 'expcdnwnts llicwiiig 

* ' iliai' pointi at die upper tcrifibfttbiis of, condutlors prevent mj. damage lo the build* 
»g« cm which they are pkced| mi thatballs do not^'antweir the purpofe h well) p* 


Mkiirhid 
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Sp, A rcjtl; w-.j- ^’5' « W} .ii-i.ior.i:? d-.'h',-,! 

,p. lOf-’. Itoue by thccs^'ioi.dn cfa fu-.all j,*r, p. i\ Ictiu.i.l <.; d .i,,!.. it 

in the p. Jy-'-h tfs’S A piiloi !(WiJi’d v.-ath ;\,r Jicqtii;. t';, i 'i.y 

tliu; means |>. ^ lo^h* 

dhca-y f f vnu is sk!i fliaq* .ml blurs Is :uai -auHi . i,s- 
mles'ti, |s I I 5')‘ *S|J, .ms * s b s "‘‘Vs H’ ‘ Cl 

'S Iiuibmlar roniriuHjon cuimi hy h, |s i s* Pw Us’ tt’r i>r /n ,uiij- 

gam oi ■/Jilts lor the purpose oreb.'irii;.! e.misiueus fs ^S s b i>c iiusl ihy 
fediial methoi! of clcantiisg elctfliKal cvlbsiei s |'S Mbs, brss 
MkSnryj ex peri meins cm, btiiig an ait. up uHlitsv tlir aUv.nr.u'f ceb\fe\’,:teil p-ijinsi 
mmiuihr^) p« ^. 13 # I'kiuJptir.ti of iLc imuhiaf ami appatafs? itls m i.|>f t X]fi Jfnnifs 
>p* S.s|., 83|* b"wtsn/4tns’0 cxptTiiiKsn.., wok olsrruib.fn-, ir-uinnt, p-, ^s 

Remarks on Wilfonk paper, nuitulul, pesmrui:. .nrl ol4 issStoiumi} tl,o 

nature ami nfeorcoinlytiRrs |s 

Mfin/iirmu Dr* J 11 ! ill Iiigailimikbi. lecunv on if, [s icsp. I bnJsipnuti of thh, t 
trkal inilnnnent, |\ los/i lOiik i«nsit yk oi liik ii;:;ilurn% p, ifoiw 

ftant laws oblereed in the varimiMnnkm, oi'de.bia; II .iy, p. f ^ p* «*Mq's 
nadoii of the moll obficHB pliemmHoa m me ekSlropViin,^^ Kafwn? 

ofaadcdbvpljortj i\\pl4iw»|, |s i,;n| v‘--so.|,ih Cibi ri.okj,,;, «vp linm.a', lesiJis^g' 

to confirm J)f. liiguiluHilak ik'ory of ilm tlktriyin^iiis ami in iLmv ihr impcrims 
ability of gWsiodklric jr!uiJ„ p, 

•FJms* Coiiccmittij the hwirig of'olm-lkil, p. 

Mngmik* hsiiie accoant of i!mt iOantl inliahiiaitf s, |% 1 j y y, 

S^mim F§iimm» m llyiifg-tiih, a ikiVi i|Himi of bs p, t 

fram warmer tiiiimies fametiwes killed %mk die mid* p, 40, 

Exfimi/im Ccmrtrniitg die mrahirn nf dietx|widkm orhilidi by hisn, |S .firr-sbp 
iirt% eovcrlisg weak imut gencraily mtMmn hfiiimini*, p, 


'/w* Dr. oinmitli Wi exlria of 4 mmmnuingml Jnitmal for the leinm 

^ Hr blob |S shy. Srr ^kkmkiimt Jmf ml 
F0m$h Jive longer ilwn inales, js spf* 

Jntrh nwligoarit, htw proauwa amM.tg the !otv«r rtnk ofpmi.lf, p. t,y. , 

mnmgihtknn whkh i.p|s«red b Cheikr b b, )w ,^4,1,. ,4,. ..g. 

■ ijw produced In tamps, g(c. 104, 35,5. ■An »»| « dftudlul |mu»a 

fever esufed by {be Arabs among tht Tntb at Baflbra. » j 1 1 

ahe method conSas of md,, .Rating, um-mkg, and biw-teionn*. rW. Of 

'-'::’S ■■'■' ■ ' ■■, ""''■'■■ '■' ' ' ''' " '■ ' ■ ' tire 
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tlie ti!v,!er4oofifig, p. 890- Of the fKtra- lathing, P90, ‘%u Of tfic hter^ 
fcciiringt F* ^9^- l!lxpCTimeiUs on thete methods by irc^ p* Trilling ex- 

pence racihfid in iHillding* p- 

e>ipcrniicnte on fome, reliuiveto their heat, p. 26* Why hdi have recowrfc to ilcep 
wafer;:; in winter, p* 3|. Tails of hlh frow;*n, with a view to fee if they would he 
reltonsi to the a^’iions of life when ‘thawed, p. 37, 38- A ddeription of the Exocmm 
’volitans, or flying-'lilh, p. 791 '—Boo. 

fkcrhfj^, Of the uiukr flooring tifed ia fecuring boildings againft fire, p. S84— 890* 
IViliing expence of it, p. B94. 

Fkmrst the cUcds of rheir efliiivk upon air, p. 205, 203». Bad effijd of dowers in roomsi 
. p* 2C9* A different property in them in 'their growing Hate, p# a JO. 

Hie <onllatttiaw8 oblerved in the various motions of elcdlrkal fluid, p. 1032— 
1036* Remarks concerning it, p. 1036, kt* Obfervations and experiments tending 
to confirm Dr. Ingenhoufzk theory of theEic£lrophorus,|and to Blew the impcrmeabilky 
'Of glafs to ek'Clric llaid , p* 1 049— 1059* 

’(lixocaatis volitaiu), a deferiptionofit, p. 79 r—* Boo# 

F^ri Maih*if\ in Sumatra, its ftttiadoo, p. 161, 16 a. Deferipdon of the houfes thcrej, 
p# 162* Of the climate, p. '162, 163. Some account of the inhabitanw, p. 163, 

1 64* 

Fm*i St. Georgi, in the Faft Indies, t metcorolagicd diary, kept tiiere^ f# rSo, S^cse 

Mfii:)rou}gieai B'arf., 

Fo/if a brook near York, fome accottut of it, p* 196* 

hot onci In the illand of St* lyfignel, p. 6a j, 606. Perfems cured of vkulcnt 
diforders by their waters, p. 607, 60S. 

J'Vii’A, rKperimenta on foinc, relative to their heab p. aj, 24% Some degrees warma^ 
than quadrupt'd^'', p. 24, 25* 

FrgnMi\ l)r# his allertltm toncernmg what building's arc fecure from tte attacks of 
iighwing, p, zyj. An iidDnce to the contrary, p# ^240# His doftriite concerning 
Biirp'^pointed cmidaftors caiifUl:redl| p, Soi, K'C. 

Fnmhfg parts Of animali, wiili a vkw to fee if they would be refiored to the uB.mm of 
life wlitfi thawed, p# 

Mr. Joltoy his letter concmiiog Mr* toilkir*i account of the ifland of Ssimitrig 
Eiiganho, &'c/ p* 160, t(n, , , _ ^ 

I'bff esperifticiifr on otic, loktiyc 10 iis heat,'f . ' Why fiogi life under large ftonei 

k ihtt winter, p. ja, 33. ' , ' ' 

Fmiii, ripe, the efiett of tilluvk from it upon air, p* toy# ^ ^ / 

Farmh t valley ia the illind of St* Miguel, in account of if a hot and 'Cold fpiingijr p# 

, Ferfow cared of vifulenl diforders by theft p* 607, 608#' 

•■¥«*. LXVin. , « u ' ■ ' ' o* 
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his opinif'-s r'nc .■fninp, ti e ccmmuiucntijig f>f nifition to boiiiV«, p, -,, 0 , 

<?/«/;, iJ.e fitict! fiiinli'ice !•* nh; ji-! (he Ihnniaiil cf emtip-irifon ia cxp.'rim'fn.'s (non 
t!u- romp.ir...ivv iHlatal.intiw of holies, p. ft},, ft ujif.il ruh,i;u'„H.'h,f 

the pemJ..h.m:, of tlo.!.., p. .}•/?>• OUlhrvr.tm.i, ami cxivrimcnt, 

(fm!iii.ntoc!,niinu ! 'r, (henry oi’ the , 'fr-dn, phut ii,- ; ,u,j („ 

iri)prnui%j!M£iiy ol ' lo iUu'Am* j% — 

jitul tf> hfaltln p. 1^4. 

the tails ot two (rea-.n vtiiii a vinv to icc jf they would he reltt^rc! n the 

sidifm.i of lire ihaurtf^ p, 37, jB. 


cape of, jourt.al of a voyage to ir, p. j^t—^oy. From ti.eitcc to l^I.ulrafs 

I'lcKui, p. 405 -«-|i 6 . 

(h’i0rmes, the of durir eflierk upon nir, p. jop* 

llcflectbiw on the ««Hmwnk;iii 4 ^ii of momn hf iiiiprt£l tmi! p, j 4 l. 

See M§imh 

Grmst thrr great ufe in curing the feurvy, p. fiftj, A-c. W"re antifeorhutk in their 
raw flute than when b«i!cd, p. 664 , i&c. See SVwt;)'. 

GmmlL Journal of a voyage to the Eall ItKlie* 'in (he ftijr Grtmiiii, i« the year 
*775» P' 3''i9— 4 ><>* See '/kVf/. 

Grenwitk Diil’crettcc of the mefidiatia of Pafl* and Grcenwidi, p, fojo, lost. 
Of Greenwich and ijclcclkr, p. it jr. 

Concerning Mr. RoWm'i new principal in gunnery, p. 50 — j*. Hutton 

' OtJ Oannery, p. p. See G««r/#ty*4r. 

Gmp»w^m I'he force of fired gunpowder, and the initial velocities of cannon bail,, 

• •deiejTOinedhyexpcriinentij from which is alfe deduced the reluioti of the initial 
velocity to the weight of the Ihnt and the sjaintity of powder, p. «o. 'Fhe nature 
of the experiment, and o( the tuichinery ufed in it, p. {Mriicniar da* 

ferifoion of the machlue. p. fft, Method of findiiig the centre t.f t.fd«,«ion* 
p. ,f7. Methods of sfeerwinini the eentw of gravity, p. «K, Hule hi 
eamputiug the velocity of the baii, p. IGpetimctd, made, wid. .em.,rk* 

m the mrnnt vtWtki therein, p. &s~Sj. A vkw of tfe principal inference. 

Aimt tmlm f»» tli0 

«*./,(Wrr, experiment* if) firing, it without the 'kaft appears (,« of * fpatfe. «, 

i? P'|0,5~i07. Kemarfc on the 

IW’O iwtlioili^ p* 3 pjf, 

Gaapm/rr ara^oe/w/, pointed wisd«aor» to feme ihm from lightninjr more ufirful 
tJttn faalk, p. , 55 »., 5 g. Rounds ..coudWlora feewre them «gsi«fl the rfe^ 
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§mp anJ conilo£lors, p. Bor 855—^60* 999 -«toi f . 
GMuf, Dr. MiUtIvew, oh the ;uusfcptk rq^iiui^u of the natives of llnflm, p, inz* ike 
^fUi/ipzk AVg mmn 


IL 

Sir William I Ii is account of cenain tr;^ ecs of rolcanos on ' the ban’iS of the 
lifilne, l>» i« See Fhkam* llis letter conccjruiog pieces of the hige iloiic near 
Cape Towiij p* 106# 

ffam 01 re^ the proportionable number of iulmbitants. chat die annually in a c<5uiitry 
pariflt there, for 90 years, p. 1 ^^4. 

near Edinburgh, extra£l of meteorological ohfervatimis madethere^ p* 564,* 
See M’kfiorakpjmi' 

l)r. J, his obfcivations on the population and difeafes of. Chehcr in the year 
1 7 74, p. 1 3 1 . Sec Ck^kr, 

Tlie lincommon healthiiu'fs of Chcflcr, p. ijr — 134, kc. Gluttony atjtl 
drun!;crmcfs dclinklive to health, p» 134. Loam, chiy, and land fuils, favoiiraiiic 
to health, p« 21S* . 

!kdU Of the heat, S;c. of animals and vegetables, p. 7* See Jmmls^ 

Concerning the meafurc of the cxpanfion of foUda by hear, p, 4i9-“-»;*53. 

Ikqiks* Comparlfon between Sir George Shuckburgh and Colonel Roy’s rules for the 
iiKJalii remen t of heights with the barometer, p. 6Sj* Bee Bikrmmcn 
Ikkff [\lr. William, his method of cunng a mu feu kr cent raeLoii by elearidty, p* loi* 
Older vat ions cm Mr. iftmly’s es^perlmcnts to fire w that pointed cenniuutions to cun- 
diklow arc preferable to fplierica! ones, p, 9‘';9, rooo* CoinvatHv''’lcd by e:5cperi<* 
inenC:-,.|n iooo“-^roiu Ilia dbfervatiorts and experiments tending to ' cor firm T>r» 
tngenhouftk theory of the eleCIrophoi’iia 5 and to ftiew the impermeability of giak 
to elf'dlric (luid, p* io49'“-«^io§3. 

hirf'rhmmw, hh actrmnt of the earthquake \vhidi wzis felt at IMimchcllcr and 
'Other places in the year ' 1777, p. aat* lin’ikpvty* 

Dfw Bryan f, on the ufe of im amalgam of v.inc, fortlie purpofc of/ clcfliical 
oxciiation, aihI on the iwoll eafy and efcflual method of, ckanfmg’ c}eB:rical cy^ 
linden, p*. i6i, 862#' " . , , 

iMmf) ritfiisr Manchcfler, a Jowrutbof the 'titnmuty of rain that fell there front '1765 to 

17 %' ' ' ' ' ' ; ' ,, ■ '■ ■ " ' : 

||«}/W/, 'Mr. thedreadfiil cafe' of him’ and }u« ouliappy' fcllow-ftifcrers' at Calcutta# 

p. ^ ... D’" / ' 

eaten by the Battas'of'Suftiatr0s p* c6BC' 

fcver$ ire pro'da'ced therein, p« 804-^5^07* 

, 6 U, a ■ 
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JImfa, &c., points at tlic appcr terminations of coinJnftors w feeiirc tliem from figtsr- 
ning more ufcful th.m ba'.l.s p. i BtnmiU'i! rninloAnrs Jlxuri' houfts .igjjjiiflt 

t5»c cfMs of %iit»inK '*'■*" oner, p. 21% .vr. Fointnl con.JuatMs 

recommendetl as the moil offtitual for (hi* purpnir, Fanher in- 

(juirics refpcfiing fliarp aiul hiani vcmJuiUita, (>. H-h.-B-'u. Hr — s,Y,o. 
9()9— lOit. Defcriiifnnt of hmifcs imilt ssilh reciis in «he iiliml nf Sumatra,, 
p. i6j. A tlcftiiptinn of the howfo at Fort M.iF ri»' in (hr fiinr jihiw! p. ((>2. A 
di'fcription of a moll efleilual niclbiHl «f fecuiing liuiilcs .ifj.iinil tire, p. S^c 

jFiVe. 

llmur, Mr. John, on the hear, &c. of animal* aiul vn^etaWe*, p, 7. Fee /kima,\ 

ftgrttd/cs, 

Mumn, Cliarks, efij. on the force of freil gun j-wsdri', :tit.] the initi,)! vrloctt'es of can- 
iwii'ballH, (Jctcrralned by wperiments ; from wiitch is aif;> the telation of 

the iititial velocity; to the weight «f the f«f‘t and the ini.ititity of potvtlcr, p, 50, 
See GM-p«w/#r. ilif account, of the calculation* made iicm the fiivey ami mea- 
furct taken at Skheihatlkii, in order to af«.«n«iu the OK.m driiiii)( nt (hr earth, p. 
Ui§fgtn>^ Wi opinion conceriiiog the sommunicating of iiwtiini to p, i\(u, 

I 

yaih^ bow Jnfeftious lisvtn arc produced therrio, f. j'04, *04. 

Jmaka, the proportionable iiundjcr o! whitt* that clw thetc aiicuilly, j>, j j.|, 
irr keeps water warm, p. jj* Is one of the word eondufint* of beat, ibid, •» 
i/j&as, a finaU iiland neauf St. Miguel, a fm bafon in it, p. ho.?, fi04. 

Eejgeakn* on the commufliewn of menkjo hy impaCl and gravity, p, 34.1. 
See'Merfeyc; 

SmalI*p«of liiif in early infaney, p. 1 4 Jv 

jl«giHkitfit, Dr. johit, hi* method ^ lighting « eandlc by a wry moderate .ekibical 
fparit, p. 10,11. Sec MkMittl 'S^rL Hi* letluie ' on the Eltt5l.fOj?h»irM», p. loay, 

a«d eaperiiminii teodiug to wnfirni Dr, iMgctilioury/a 
theoiy if tl«' IkitephMi j md B««. the impccmfibitiry of gtoft lu e Wtw. lluid, 

p. .tO^p — iO^J, 

immktmt inquiries to demenflfat# the adviwmge* 'fif if, f. *41^ 144, Tbf *g* .when 
, fihildnmfteidd be iftocalated, p. 143. ije. . ' • ; ' , 

'hpmM, dibfqfijti# 0^ (Mile iatbnded to M mu ib« comp#«iJv«..«panfil»iiiaci of, 
Mie» by lc»t, h 4 *»-" 434 a W». U Cerfi nesoont of two i«i(l«iiw«i*.v«ry ofeful 
: 'fer,^»|nkgthe,'|Jcrfea,|^e|t*f^;l>etwm«d»llM*t'»e^ *aio| by tetw asd 
wheel wad pWon, p, gso«-9Sf8. ' ' ' ' ■ 

of a voyage to the Bail Indki' In; the. yt«r p, ||f«P +»4 S«# 

^ 'Of lie ■!«,' ■ Si« f 0 %ni^* ' Eatiiii'.ofi 'jMipjiwIo.. 

f-, ' , ', ,gicai. 



{ loSi J 

^kal jourt-.n! for tJiejreai* 1777, kept at Bridol, p. 567. See MrUinfeguaf 
Jo if, .il of the quantity of tain that fell at Holme, near Maiicheflcr, from 176J to 
; and at Earowhy. near Leeds, from 1 77a to 1777, p. 5; t, 57*. iVk'ft.orok.|)icai 
jowHi.tl lot the year 1777, kept at tlw hoofs of the Royal Society, p. 574—600, ' See 

/// mJ 5 *t* Miguel, an accoant'Of it, p. 6oi. See 

J/////#// <aiellite«/ iongiiude of the Refuge d©;. Vrowperg, Rac de Dominiquamw, at 
dcdaofd fiom obfervatioji^ of them, p* 644, 

K. 

£pj!a a Ruffian drink, how prep^^red^ p, 628, 6:^9. Reraaiks on It, p, 6,39^ 6ja 

L. 

Imlrmkn. A voyage from EoglantI to Davis’s Streights and JUibradure, whiv oblcrvai*" 
liowa for determiukg the longitude, p. lOjfy. See LkM » ' 

kiiif, or ibi wnd^rfu! pimi cf Sambrm, fome account of if,' p* 17^,.' 

Of Ac extra^athing u&d in* fccuring bmUIngs fiom fiic; p. 

Trilling cxpcisce of it, p* S94* 

laiitudivf the Rdligc do Vrowperg;, Rue dcs Dominiquaines, M' louvam,. P'g 64^. 
I'he court of the pakee of- the ekt'br pakimvat DuffvlikrfpjueJ with a lava 
brought from Unkcl, p. 2.^ I'he town of Bonn paved with lava, p. High wks 
ctf lava^on each fide of the ilkine, pr 3,' 4# Lava from Vvfuvius' and- che ' lokanos near 
Naples, fuppoftd to have been ufed far living the gitai Roman roads, 4. 

Imvs of motion, different opinions concerning them 4 p. 3 14-*- 347* WneuGc t\m dif-> 
ference arifei, p, 547*^3/9* The conllant laws obfmva in the varioai^ moiioLs of 
fkaric flaid^ p*, toja— ioj6* Remarks concerning 'it, p. 1036,, ike* 

LiMgh^f osperiawiHft oi>' fo»t, rcktive to. their kat, p* a 7* 

listd, and oiwf fitttiiJiii, Itow ufcd m. Iht noofs of bnildingi to fecure them' 'from llghfnmg,, 

p* m* ' ^ ' 

ChmkMl 'Ciperimcnti and dl 4 ‘rvmions on lead ore, p. 863. St;vf of l«ui 

ore..»|:4agoiit' of the* minfr#i p* 863-^867* E^pmincnis and obler^’adons cm icj 

E*{»fiminti toafertaktk order m 'which' At variooi colottii Juc'ceed 
; iMhoibw ott^wkdl' lead, pf '879*^^ 

Ac fmmg ofthefulphur con tamed 1 a 

l«iid^oiif*p» 8741 875*. , ' ' ' . 

Imht,, Att i«frotid"»'eA#d of .toning, lc$tkr, p*. 1 % u The principal operations ia^' 

^ .ktneb* p* 1 ij—i 1 7* Remarki on the tediaufiiels of dicir proeds, and oH' 

tte"flow trader p* 117, » iBr ' . fnliiiiilions to tarmcri for carrying, 

»wiifigi wkeiebyihf tehor is mi ,oily improvfdia iia qualityr 

fettle 
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but taimeii in muds k-lii time, nnJ with a fm 41 cr tiuantity of bar!;, thaw in any other 

iticilnn! Iiithcrto kofHViMn* ' 

hmw\H ihccilriH ciKndr dllfii'ii itpofi jiir. p* % ,*oj, 

he ItiC , n| i'lk I^V intidi vaiifil 

iutb (’ulvi'-t 4 iul Vif) f;trdi*.TiiiH,=uti; tUe imlla hvuvitn iliillicia. 

iHOi'cahk ?• hy k»v^<ai and wkcri am! fiiinvu |k -tiy,,!- 

Zru/,if dit: |)!0|HtiHiumitslc imauKi id iukaldf.tnc?. dnii dur tin fc .n nii.dlv, p, I 
/wiVW/ff’j lu.s u|4niijit anjctrnni|* ihr cnnimua;caiNt^t^ t 4 tiwiit.is m i|, |i, v ^ ... 

£m(//tr, oincrvaiinm chew c*ii ;m ediidc of ihr utn^ fM:v .ri, ^7*’^,* p.* Dif 

fnynce of the meridia.to of i*aii» uvA Luedter, {>. loto. And o( t.iecrtuik ;„',a 
lifii teller, Pj toil, 

lftVf<. Alt account of the {u!v.m!aj;rs of a >icw!y.it;vt'!;tr(! nsacliitie, nuich vtnicii in its 
di;-as, .wk! vury ufdul ior cietow.i..ing the perfcA {.ropouiou Wu',m> ..itfeiem tt.nvc- 
ab!ei. aaisig I7 l«ver.i iiml whrei anil |tiiiiii!», p. 

ley. Tmim\ Icy made hmi tiigron's dung, p/i 14. A i^tc .lAiu: ley nt,ty he tw«. 

pared Iroiii kelp or p« i jt|* ^ 

L,y,I.H pbAI, mcihoa of firing g.in. powder with ir, p, top... }«|. N„v expnmm>. ii.w., 
it rdpcaii>|,; the terminal i>m (if comHK,lo,^. ,Su- An .Kunim „f 

Mr. CitvAIo'a rndiiod oi .ep.mmg l„v.kr„ f .eufen. ghiaf.. fi. a, n. tmthe 4..,,;,, 
uflail fur otperimeiiti,, ji, toil, tO< j. ,\ (;Hi'iou,j «|Cjimeiti with the f.ryilrn lusttic 
p.io,3-to,^'S. ' ‘ '* 

/.(/A ib powers upabicof varying the heat in animat,, p, ty. Vueun^ pa,,, pf 

ausmais with a view to ice if they wouU tie uiiored «i the «r hie wti«n ttmwd 

p yp-^Si. * 

LiikMhg, Sundry ptpm relative to an actiJeni. fmm lightning ,it Pmileet, « ,, , t.,, 

Boddington'v letter orw.Tning n, ibid. M,, Niehlon’v ,,t the p , , J 

-ajj;. Thetejmit oi ,!.e emninittee appAnma by the Knynt Scirty f.., evmmml 
the died of hpUmtig 0.4 the (.af«pel-wa!i uf the houfj. rf ,1,^ Untflanw «, Pur! 

fhet, p r r j«. Mr, Wiifsit,’, diflrnt fr.un the above repan, «, , . , ,, , ' 

Vf.l(.ur,v«,,cr mtoM, tddrctfrd to yt^lajefly, vi!.-.*.*. m, tViiiu, •. , ' 

mm. ,mJ ubfervation,. on the mute iml ule of Indlet 

wi to.,,,,,., p. 

p. Vi tne mtannei afed to charge the sppatsto., «. ui aea ’fi d ' 

rima.b, with obfowtions iherroB, «. , . pL,! ’iV «««’ 

(»*«-, »l.l, 5 ~ I;/ , 

.)» 1,.I! .pp„„„. „r . r,„k T„, /“’* 

-4, a, p,,w. p. 

^ , cwfling 
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ceming certain atmofiilicres wlikli bodies have round them wlion properly diarp^ed 
with elalUc p# MvaJurmcnu, of the gmit l^y’aiuii aru'l m*» 

chinery, \\ 51 A tc\>oit of the CommitO;’c appointed by the Royal Sodety 

to coiilulcr o| die moil vfIVfitnd {sntlaxlol Iccu ring the powder* nuipa/joes as Pudlcct 
npaiiill thedfedM oflighirangj p* 

TofutH at ilaMippcr tcrat naiions of conduiSlora more nfdiil to fee ore 
itiipt foim ligliuiiis'^ than laills p* KoiiDdcd roododois Icturc btdJdiriiv*? 

apAinli the of iiglaainy^ bertt-r than pointtd oi-.er;, p* 2.;/;, < 5 aa I'Va'ntOil con- 
diklors recomnitntdtxi as the m fl.uaVduai for this purpoie, p. 314--'] ty. Farther in- 
fairies nJpeQ:ing iliorp and blaut coududeri^ p. 801—820. H23— 855. 855—860* 
999—101 r. 

Lims-mmr extraAs the virtues of oak bark for tanning much better than plain watcr^ 
p* tao. How to make lime-water^ p* izo — 125* 129, 

Limif l)i% his experiment on firing gmv powder with the Leyden phial, p* 306. 307, 

Mifs, cured of a mufcular contrikUon by dedlridty^ p. 97, See 

CoMif^fShm^ 

L:m* Track of the Ihip Hion fiom Kngland Co Davis’s Streights and Lahradore, with 
obfervations for determining the longitude by fun and mooiu and error of common 
reckoning $ alfo the variation, of the compafs, and dip of the needle, as obferved durirg 
the voyage in 17/6, p. 1037. From England to Cape Farewell, ibid* From Cape 
Fhxreweil along the well amil of GrecnlauvU p* ^'059. From Mo&eito Cove, GrceO’^ 
laiKb to the eini of Davis’s Bereights, p^iobi*, u6^ From DavisL Sircights to the 
ccKill of Labrador^, p« 1063* Reman k concerning the pretended danger of voyages to 
thofe parts, p. 1062;* 

the proj'>ortjonab!c number of inhabitants that die there annually, p, 154* 

Lkjfiiy Mr* George, his journal of the quantity of rain that fell at i I ohm 4 nan* Man- 
chellefy from 1765 to 1769; and at Baiowby, near Lced$> from 1772 10 1777, p* 
571, 57;!, 

£,mm Ibil, fkvmimbk to heabh, p. setB* ^ 

the ptopordomible nuinbei of inhabitants that,die there aniuially, p* 154* A 
TOcIcomlogical JiHirnal for tht year 1777 kept iheic, p* 574*-“»6oo* bee Iu!ks» 

of Icvi'Kil places, p* ( 40* 645«**654* 655^—658* Longitude oLBrulDk, p* 
664-^660* Tiack of^ the flop Xnon, tiom Engnmd tt»0ivis\ 5tfdghi« afld Labra-* 
doreji with obfrrvatiofw for determining the longitude,, I’lfC* p* 1057* Im* 

Zirip^ Met*- Mr* Micluud, his letter amcermng a'lcmarkabk impcrlU.lLft of fight 
regard to voktorn, p* 6jff* 

ZmmM tjitlittdeOff the Refuge de Vrowperg, Rue cles DoittlniquakcSj, at Louvain, p* 
^641,643* Its longitude deduced from oblwaiiOM 0 f, felliks? p* ^44* 

^ Loigitode of Loown? p# 64i~6|S* 


Ludkm^ 
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Ludi’am, Rev, Mr. Ms obfcrvaiion of an celipfc of the fun June s.}, t;;!?, at telcefter, 
p. 1019. 

hndoM. AbrtMftofa wgiller of the haromru'r, thermometer, .ar.tl r.un, ;« Lyndon i« 
'RuUaixl, lortlieywr 17;?, p. J’Ute oftlx-' Iwruocicr, ifi'ttiH.jM'ttT, ami Mto, 

for tli.it jear, ilml. Onlcrv.itioin on the wt-athcr, &f. ihtiiti;*. ilut y'.ir, p. 

Aw accMimt of thn wc.r.hcr in the year lyjt;;, p. j Ketiuri.* iheicot), jjjj. 
CoDCcrninj; tiic fowiogoi clm» iwl, (♦. 5 ;:’?- 

M. 


ifadridt, Mr, David, hi» ifflpromi method of tanning festSier, p. t n . Sea Lw/'^e. 

MHlouiit, his cxtr.iil of meteorological ohll rvaitoiii made at IJawkliiU, near Edinburgh, 
p. 564. See M*>emhgiettl Offer vMlimi. 

Machhu. Dcfcriptioii of one, far determining (he force of frrd gun-powder, ,itid the 
veloctiy of cannon bails, p. $ 0 , 57. Defttipiion of a oiaehine to (h:w the diflereuE 
eff.-ttsofpointitndbalUatthcMpix'r {fimiiwtians of foinluef&r'! w hvure houfw, Ac, 
from lightning, p. i??, i56. Expeiimems with it, lluwittg th.o gtiEver the 

purpofe better ti #n belli, p. r 1 59. Defctipiinn of the tii,;i,liiit<:-i tii; n in new ex. 
pcrimenta on the n«a« and ofeof condufhiri, p, *47™-^; 4. Meatoicments, Sjx. of 
them, p. j!!““3td, BefiripftfMi of (hr fUeiltophmwi, p, fory, loaS. tifrat «Je# 
ofk, p. LeClufc comermw}; it, p. tr>4 j— j(:s4«. An aefount of the 

sdvaatagei of t newly invemed nwcldne much varied in iti efflitt, ami very ulrlul for 
determining the pcifeid propottion between diHerent nnivtai'k** ailing hy kvera aitd 
wheel and pinion, p. 950—998. 

' Mackurm, his opinion wncerniag the kwi of motion, p. |;i, Remark r thereon, p. 
3Sf, 35*. 560, 361, ■ 

AMirat, Utand of, the proportionable numbeir of inhabiwnu ihat die there anmtally, 

p. * 34 . 

Miufm/i AW, journal of a voyage to it, p. 

of powder, pninti at the upper termination* of conduflnr* to freute ihem froBi 
ligitaing, ware ufefu! than hall*, p, Rnundi'd eonduftor* flcurc thru* 

agaSnfl tht e»ll» of %htnb| teter than pamied «.«■», p, .,4;, iSfc, poinwd mu- 
duaors recowmcndetl 'it the' mo8' e«a»it for thi, pnrpwr, p. jt 4 ™.| 1 7, f-^rih in- 
qtiifie* rrfpeftiftg fcrp and h!u«t tOii<l«aor»,'p. »oi -tiro, «*j— Stt. BEc—df.®, 
999— lOf*. ■ ■ , , ■ , ' 

^ Mtim ■Charles -Lord 'Vftsunt, deferfption trf hi* mail 'effentia! nmthmf of ft«ufi„p hatM- 
bgMgainftfire.p. 88,. ■SeeFm,.., Hi* letter eoneerning Mr. I*« Cerf’i imlrttmcota 
:;«»(• ifttermbifig proportion *«*«« moveia»l*r,»4ii,»s by lever, and 

. Mm*0 
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cntcu hy thi: Battle rfSnmritra, p. t66. 16^?. 

dic pro],HiffJ<' 4 ial)lc tiuniber oi' iuliabitantH that: i!i;» t!tcr« anmni!!/^ p. i.^j., 
All ai'vniMii:^(^f tlie <Maiic|iiaLc wbicli way fdt ac Manchdkr and other places in the: 
year 1777, p, r.zt, luaik'/wdr, 

Ulinm/th'hrrH the want ol'thein In umm ttnfavounBle to population, p. 14:;, 

Ijaptifms, and IninalH, for forty ycar.s, in the parifli of lilaiullbrd Fornm, 
Durlirf, p. 6} Sec IVaadjlrd Forum^ 

Iihrj§i^ and l)0;7.% the noxious clFta'il'Jof their effluvia upon air, p, r* 13—217* 

Mi/i-r/r, hrancis cfq, his mciliod of finding, by the help of Sir Ifaac Newtoifs binomial 

theorem, a near value of the very flowly-con verging infaite forks x + V + + 

;y4 

+ T + h P* S95— 90!* His method of 

extending CardmFs nik for refolving one c«ifc of a cubick equation of tliiis form, 

fjx s; r, to tlic other cafe of the fame equation, which it is not naturally fitted to folve, 

and which is therefore often called the irreducible cafe, p* 902—949, 

Mr* Francis, his account of the illaadSt, Miguel, p* bot* See Sf. M/^wrA 
M'!m not fo long-lived as women, p* 144* 

Ihfisnd^gimi Dmzy^ «Src, kept at Fort St, George, m the EafI: Indies, p, 180* ' How the 
obkrvatiortf; were made, p. iSo, iSt* State of the thermometer within and without, 
suhI of ihc barometer, winds, ami weather, for Oflobcr 1776, p, iSa— 1'34* For No* 
vonher, p* 1B4— 1B6* For December, p* 186— i8S* For January, 1777, p* x88— 
190* For February, p. 190—192* A table of difeafes during thofc months, p* 193* 
citrikh of one for the year 1777 kept at Brillol, p* 567* State 
of the barometer for that year, ibid. An abridged table of the winds, ike, for that year, 
1% ij6S. Weather for tlnit year, p* 568—570* 

Bktimkgml the year 1777 kept at the houfeof the Royal Society, p* 574*^ 

fioo* See Tuliks, 

Fkmrdpgml ()f*firmdms^ exirail of fome made at HawkhiH near Edinburgh, p. 564* 
tor the year 1773, ibid. For 1774, ibid. For 1775^ p* 565. For xyyb, ibid. 
Depih of rain at Hi-iwklfdl, fe the year *776* p* 566* 
flf/V#, etspcrimeiiw on toe, r•clmivc to their heat, p* 5 1 , ai* : 

Migmmrni fltnvcr.n, the efteft of their effluvia upon air, p* 

Mr. Charley hii account of the il'knd of Sumatra, &c. p. 1 60* See S^maira* 
MJilmff Rev* Mr* Ifaac, his refleaions on the^ communication of motion by impaa and 
gravity, p* $44* See M&iim, obftrvations on the limiis of algebraical cqiia™ 
* lions j ami a genera! demoaftradon of Dei Cartes*« role for finding their number of 
ttiliriiisilve and negative roots, p* 380 — jS'S* 

Mimmlmaim ia the itod of St. Miguel, an account of ilm, 1% 6os*-6o8* 
Voi.LXVim . dX 


Mint 



[ io8r. ] 

Mint haviJ, the crcft ef their ( filuvta upr.n air, p, jo,*. 

Moijlm. Stagnant inoillure a pfineipal lUurcc nf flitliiC.', p. i j i, i j 

Msnina/, journal of the. weather theii-, p. ? ',r;. .'h’e tf 7 » 

tlii>rltr-<wt>/\ iif'd in theinitii’f huildii'f'.s again-:) Cnf, htw prepan'i). p. ftiti). 

fiatc of she IVurvy iliof, ;uai In'w jn-oiUiccil, p. ( fifi, fit;. Mctlunh. oj jjrat- 
ing that ilifordor, p. fia;; .'■■. ‘.■..rr. 

iTktkn, Rffii-ftions on the eoi»»imnK':iii''n of modnn Uy ami ni.n-itv, p. -j.i j. 

Difference of opinion tmicn ninj; tin* mnvinj; of I'mllr',, p. jn*- i.)'/. ') he liv; , !iy 

which motion is comrounic.itfil, ami the taufci. fiom wi.ciHt! ihi;i ^liHcicricc of oj.;. 
nion arifes, fully eonfidetctl, p. .{.D*” .!?*)' 

Mitrg'Jh, an evil jenius dicackti by the ffitta.-; in Sumatta. p. ih\. 

Mufeular Coutmam^ a curd f one by tkriricisy, p. 

’)r. hiii rcafont. for iliflcmini; ftntji the rcj-Htri of the commiitce apyointen! to 
confiticrof Mr. Wilfon’s expetimcniS', tnclinliiij; rctuark:. mr i'omt cvperiHunua Cf-hi- 
bited by Mr. Natrae, p. 8:>i~«8o.*. 
d/i/d', its tircA upon air, p. acS. 

K, 

Naim, Mr. Edward. Remarks on feme e.rperimcttii cxhiifitciJ oy, p, aik— Ssj, Uis 
experitowa on ckartcity, being «n .iUnnpe to Ihcw tiic ;,;i; r f i icv.r:cd 

pointed conduilors, p. }ja j. Sec Eittkn'ifjt 

Na^/es, The toffasof Naples fujjpoDd to be eontpofed tf a ptrpar.'d by 

volcanic fire, p, 6. 

Na/urtim hiikum, inmvra, thcfffeflof thtirefHiivia wprm ;sii, p, 

Nitdlf, Remarks and obfervations on the dippiitg-nectik i« a vtiyage to the bhilt In - 
dies, p. 391— 4ilf. Dip of the ftrcdle ol'lfjved dtttint* « voyage from Knglaiitl to 
ffavis’s Streigbis and (.(hradotc, i»t tyyb, j*. lojy—tob}. 

Ntd-fihiiih. jlfirnwimita! obfervations made in the AMftfjan Nribolanth tit t!'.« 

year* 177 j, 1774, and 1771, p. byy. See .-tjirmmHmi n\f4rm.nnm. 

AW/ov, Sir Iftae, ceneersini the law* 01' tnottftn, p. lln opinirm of the mean 
den/ity of tbc earth jullijed, p.' 7811, 784, A methfttl of fiiidittg, by ific firtp of bit; 
Ifasc Ncwionhs bmomiul (hrorem, a near valtte ofihe very lltiwly convergntg infiniw 

feri«» 4 ' T -}• ,T + X "!" 't* natly ci|««l to 1, p. 
8 j 35 *««* 9 oi. 

Nkkfatt, Mr, Edward, hi» accownt «f «8 lectdcni ttm Sighfttifig m Ptirflect, p. 134-* , 

*11* , See Ligkimnigt 

' ■ ' ' AVr/lciwyfrnKi 
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Kortl'ampian, the proportionable number of inhabitanto that dk there aiiuually, j\ ij,-. 
Ni'/r-g.rs!s in looins, tlieir bad cfll'ft upon the air, p, 209. 


0, 

f’Vf !■ hvP, w iiy preferat)!;.’ Ibr tlte puriwsfc of taniiiiiyf, p. 1 1 J low prepared, ibid. 

(himra^ tbelr effed upon nir, p. 20H, .109, 
liaiV'fj'Cpare:! by the laiuicrr;, p, 114, 
its clR’cl upon air, p. aolb 

OrSrmr, l*i):ird of, tbeir letter to Sir John Prinyje, caclofmg an account of I\Ir. Wlb 
experiineiics on the nature and ufe of condiidors, addrelTcd to liis Blajedy, 
p, 24Z, 

On\ Chemical experiments and obfervations on lead orc^ p, 865. See Lead Ore. 
Oaw, experiments on Ibrne, relative to their hcat^ ?-» 23* 


Pai^ de nmuJf the proportionable number of inhabitants that die there annually, p» 1 1;’4, 
new experiments on the nature and ufe of condudors exhibited ' there, 
p* 245, , 

JV/m. Smulry papers relating to an accident from Hghtniiig at Purfleet, p* 23a# 
Bee Lf^kning, 

Park. Dilfercncc of the meridians of Paris and Lekeftcr, p. 1020*, And of Paris 
and Greenwich, p, 1020, roiu 

kavis^ the efied of their ellluvla upon air, p* ao2# 

Prnmgim^^ .Mr. Miles, his account of a cure of a mufcular contradion by eledricity, 
97— lOI. 

Pmri a remurkabk large Clone near Cape Town fo called, p. lojp DeCcrip- 

lion of ii, |>* 

IVWi//*iw5 of clocks, ghifs a wfefal fubflance for them, p. 44.6«-*452* 47 r, 4,76* 

PmSf wperimems on a live and dead one, relative to heat and cold, p# 

Pii^per*mmt leaves, the cilcd of tliCir chluvla upon air, p« aoa. , 

Pfyfmd wfmjk^fh An cCfay on pyiomctry and arccmmtry, and on phpfml mcafoies in 
geiieml, p# 419* Bm Pjrmitrj md Ammeerj. 
r'kbtjjJiL Mr. Richard, Ills account of the. track of the dfrpLicm from Fmgland to 
DaviPi Streights tnd Labradore* with oljfervations for detcrmiairig the longiftidc by 
l«n aiid moon, arid error of, common reckoning 5 alfo the variation of ilie compafs, 
aotl dip of the needle, a$ obfcrvcd during the voyage in 1^76, p. 1057^ See 
Pigmds dimg’f taiincrt ley made from ir^ p« 114. ,■ 

Pig&f^ Nailituiel, tfcp his aftronomku! obfervattons made in the Atiflrian Netherlands 
sit flic yKirs 1773,, 1774, ami 177,5, ^*637., ^c'a JjImmMimI- Ot/mmiims, 
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FiMkn. Account of tlie advantcros of a ncwly-lovcn ted macliine much varied in 
its effcfisj and very ulefui for deicrmining the perfeCi proportion between ditExent 
moveables aaing by levers, and wheel, and pinion, p. 

Pi/ol loaded with iiiilammablc air, fired by a very moderate elcarlcal fpark, p« 1025^ 
1026. 

Phm(U» conceniiug their mean desifjde,'', p, 

P//^//A A deferiftion of /A w>nJfffui {f p* lyS* 

PAwi have a dhibrent propcityln them ia their growing and gathcnal fau-,, p, ,-;op, 
2 io» 

Piajhr iifed in /fccuring baildingG agrdnil lire, how prepared, p. bBy, ^8g, 

Fiajfmr^ Key, Mr. John, on the arithmetic of impolliblc qyantidcs, p, 

Paims at the upper £crniina:ions of coadinElors to feenre houfea, fiom lightning, 
more aftfol than balb, p. if Rounded coridmilorK fccun: Imiidings agaisvil 

the elTcfe of lightning better than pointed oncs» p, 243, &c. Toiiucd condaaorJi 
recommended as the moll elEamal for this purpofe, p. 314 — 31 7. Inquiry wlictlicr 
flxarp or blimt eondudlors arc the fitted to preierve Innkiings fnnn lightaiag,^ 
1^801^820, EKperimcmti on cicfiricity, being an aitemp't to flew the advantage 
of elevated pointed comln^lors, P» h' 23 -*-^ 3 f f. Ecnmrk^i on Mr, W’llferds experi- 
ments on the nature and ufe of cotuludlors, p, New ejcpcrimciitii oa the 

Leyden phial rcfpeaing the termination of cond«dm>, |\ t, 

Nathaniel, efip his ictier on Mr* Dcimuv’s impiovcmeiiti in ihe culture of 
bees, p. 107— no* 

allowed among the Ikttas in Sumatra, p» it6b* They pttrclmfc ihcir wives, 
and ail live In the ’fame houfc, p, 16'"^, i€j* See 

F&puktm* Obfemdons on the population and difcafciJ of Chetlcr in the year 17741 
,S«eO#y/#r». 

Fmin M Quda^ a city in the iilaiul of St* hlignel, foiite account of and of the 
country louncl ir, ja 60 r, daj* 

nmgiissroc® ofi concefning feearing them Ifmn lightniiigi p*^ ^ $"""*■ 1 19. See 

Mggmms^ 

Frimr^/i, Trie thtJjr edVfl upmi air, p* zoj» 

Sir John, hij remark for twidbg difoafes In eaiuomiiwti in mmlhy grotnili^,, 

P* 3 i 7 * 

Bfmrs killid ind eaten by the Bntlis In. Sumatra,, p* ibb*. 

Frkfjt e^perimiEti on all ttfcift from wiihin one, p* aoi* 

Pmp^gatkM'ot (pecicsi rcqairfi'ilie, griatefi powerfeof Iwat an attiinal cm exert# p* jr# 
Pi*&p&rjM ^ Accoiwl of the 'Mvansagoi ^of a nwlyfownifd mathiiR® mncii 

varied initaefHb, and very ufeM for dimrmming ihe |»crfeft proimruon huwmn 
different moveaWw ailing by kvcr% and piniooi p» 

l)r* Richard, ;hii icconni of fa«p,tifmS| «trrkg#i|,, tml biiriaf% dnfing forty. 

, ' ; h ' the piliii ^of Mlmifmi Fowm# "Bbrfei, p* 6 1 j* ^ S«« Bknf^rd Fotw* ' 

* ^ ^ 
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Purpit. Sundry papers relative to an accident from iiglitning at PurUeet, p. jj*. 
See / 

Puirrjih'/im a principal foitrcfi of difeal'e, p. 131, 

PjuKi^frji -Mul Jnmt’tfji. An effay on pyroiiictry and areomctry, and on phyfica! mea- 
iuro,iiii general, j). .tty. Concerning the iiieafurc of the espanlion of foljds i)f 
licrif, p. ,319—424. Priiiciplo on which is founded the comparative menfure of the 
cxp.inlion of bodies by heat, p. p4-.3?.K. Delcription of an inllrainent intended 
to fmd out the comparative cxpanfilfilitics of bodites by heat, p. 438 — 434. Ap- 
plication of the nu’thod of finding the proportions between the expan Cbilities of 
different matters by heat,— Determination of the relative expanlibilitics of brnfs and 
gkfs, p, 434— 4C8. Effay upon the meafure of the abfoiute expanJion of bodies by 
heat, p. 469 — 4'd3, Obfervations upon phy Real tneafu res, p. 483 — 493. A praiSli- 
cal meihod of approximation in the determination of the co-cffciSts of the fame 
caufes, p. 494 — 508. Projeiii of a comparable areometer, p. 509—528. Conclu- 
flod with rcrpedl to phyfical meafures in general, p. 528—546, Explanation of the 
figures in the above cflay, p. 546—553. 

CL 

not fo warm as fowls by fome degrees, p, 23—25. 

Cn the ariihmciic of impoffible {[uaniities, p. 318 — 343. 

nearly. An account of the quarry at Lbikle, p, 4, 5.. Great quantiues of bafaltic 
colutniiH brought from thence, p. 2, 3. The court of the palace of the ekfilor- 
palatitic at Duireldorfl- paved with a lava brought from thence, p, 2. 

a common drink in RuHia, how prepared, p. jOay, 628. Their manner of mak- 
ing a better fart, p. 628, 629. Remarki on it, p, 629, 630. 

itfyH-k/ihtr, tonccniing its espanfion in mcafuring heights with the barometer, p, 682, 
683. 


R. 

Rdkty experiments on one relative to its heat, p, .23. Frecv.ing the cars of rtibbtts 
with & view to fee if they would be reftored to the aaiom of life when thawed, 

?• 34» 3S* , : : 

freemen of the Caffia country in Sumatra, an account of their barialj, p. i6y. 

t6g. 

Main, abflraft of the barometer, thermometer, and rain, at Lyndon in Rutland, for the 
year lyyy, p. S54* See ^^epth of rain at Hawkhill near Edinburgh, 
for the year 1776, p. 566. Journal of the quantity of rain that fell iit 
Holme near Manchclkr front 1765 to 1769; and at Barowby near Leeds fioiv; 
1772 to t777, p. 571, 572- State of the rain for each month of the vear 1777 
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in London, p. S74—S97* The quantiiy wdiich fell there In each in « and In the 
whole year, p. 59B. 

R4,ti, and all forts of* wild animals, eaten by the llattas of "oaatra, p. ifs, 
i\Wr, (bamboo), hmifcr. built with them ii> the iil^.iid of finraatn), p. I’.nv 

fomcof tin: iiihabitaiits write with fhrni, p. if]* f'fd ‘heir ! sifiJica'i.',,;;. j, • 

1 66. 

Rtu^ iles I^oniini^iUiMU- ; l/nnau^, h'i IjiSUiuir, p. 642, iXij, 
Ilia luiigiciidr dcdih'rd frnut Di.»r«.Tvatii‘i'in of Juptu'i'i; T.-iU llits-i, p,. 1. 

.Rtiimin. Oil tivj aulIR'ptic nf jIic r^jitivr.s oi" uOrp p, 6 :„n Hce 

R^pm'h for dilTciuing from tht* report of *l'‘c c raiulaco to criidiilcr 

of Mr. WiHbtd.s tx|)Ci'iiiscintJ i jiichultog n'iiKirk;- nji ihmt i-iffTiiticntA c,xhsbitoil l)y 
^ Mr. Naime* p« Hoi — 

MmfSk William accouiu ofcritmu tt.icor. of voRsino,'; n^i banks, |\ 1. 

See Fmk'amh 

Rikira a town in iht iflanci of St. MigiK’b ibmi’ at’roitnf: iti if, p, (Kvp 

Rdkt^ Mr. concerftii^g his i«^w,pfiiicipl<rs of ginincry, p. 

Rmm R^dsf fuppofed to have bcem paved with Java from VoUiviu;* ami tlif tolcaiici,!; 
near Najda, p. 4* 

AW///, the proponionable number of lohabuants that die thrrr armiudly, p, 1 1^|.. 

R$mf^ fmnll ones uinvhakfomc in difcalib?!,, p. np), aoo. Ba«i of 

nofe-gajs in rooms, p* zo-tj, ■ 

Roxiur^iff Mr. William, hk ittctcomlogkal diary, Ac. kept at h'ort St. Clcoige in the 
Esd ladies, |% iSo. See Dhu^f* 

R(ff^ Coioacl, compariToo between his and .Sir George SInickIntrgIfs nilrji for the 
lOeafuremeai; of' height® with tht barometer, p. fiHii. Sec /bi/vw/tm 
%W6WiWj. *Thc reports of life committer tippoimed by the Royal Hraarty for 
amirilogthe el'H'ii oflighliiiog k, 1777, on the parapel of the lunifr of 
ilic Ihwinl of ()njiiai«::r at iWrflretjj p. zjO. 31,1*^,117-. See A tnnf^ 
arcsiogicft! Jowriial for tlie year 1777, fcept ;n thrir hoMki p. lire 

Miifi 1 common, driitk In Eojlmi Imw.prepuredi p. fiaH. I’licir maimn ol 

iiiaking a licticr fort of lu p* 62i«> Rrm.ark» 00 il* |n bjo, b j i , 

Muj/m ^>11 ihv Mihhpik rrgimeii nf nmlwA oR p. fke 

Maikmip tiblirta df.iire|i,ilcr of ilw bi'immeier^.tliermomelt'i', «mi riiii, at, In 

fm ’th€ jmr if ^ . 

Mjf 4 m 4 how, ,iiimJe In p. 6jo, (¥31. , ■ 
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its cITifS; upon air, p* 

Sf^iie ifxtw^ fhe elFcd oi ilwlr oiHvivia upon air, p# 2 or, 403# 
lionfei; in Sumatra tharcltctl witli m leaves, p* X62, 

Saiiifmjf exiraordiiiary at Blaiulf^inl Ingram, Dorfet^ ciupiiy conccraing if, p*6ij**- 

()?t* 

SiUiJjhrdf Bfnller, his i(]ninting cafr, p. 86. Sec Siimntiftg^ 
favourable to health, p. 21B* 

Samdfr^^ Dr* his letter concerning a journal of the weather at Montreal, p. 559. 

Schhiiicefi* An account of tuv calculations made from the furvey and raeafures taken 
at Schehallicn, in order to afcertaln the mean denfity of the earth, p, 689* See 
Edftk, 

a foup in Mofeow fo called, how prepared, p# 666, 667. Good againll the 
Scurvy, ibitL 

Mi% J. Ids account of a fanulydmprrfcdion of fight 3 n regard to colours, p« 
61 2*— 614. 

SeutvjK OhfcTvnJion.ion the fcurn% p. 66 t. How introduced into the blood, p» 66e^ 
But one fore of Icurvy, p* 66:% 663. ,Hovv to correal this diforder 'by food,,pt 66j* 
II1C ulc of finir krout a good method, p* 66j, 664. All vegetables in their raw 
fliite more autifeorbuiic than when boiled, p. 664, 663* State of the feurvy at 
Medbenv, and how produced, p, 666, 667. Great life of raw greens corrects the 
difonler amone; fheir common people, p. 667, 66B. Particular account of the pro* 
gref. of the feurvy in the Foundiing llofpitai there, p. 669 *-67 2, Blethod of 
curing ilicm by boiled vegetables, p. 67i-«*674* A more violent feurvy among 
ilic children, p. 674, Cured by tludr eating raw vegetable?, p, 675"--^ 

677. Farihcr cure** by the fame means, p. 677. How far the foregoing methods 
of cure may be uleful in fra voyages, p. 67B****6Ho* 

not amarine prodw^'lion, p« 178, 179, ' Where !r grows, p. 179. 

Hate of it preceding the carihc|W!lccs of 1749, ty^Of p, 228* 'State of it pre- 
ceding f:h« earthquake at IVI>incherter, ki\ tyyy* p* 

How far ihc methods of' curing the' feurvy in Moftow may be ufeftti in 
'ftfi voyage#, p# 67S*-^6Ho# 

Of ihe Intcr-feciiring uW in defending buildings agaiiifl fire, p. 891. 

SmL Coflcerning ihc fimdng of elm feed, p* 1^58* 

Siff Cidmifif a v:dley In the illaiKl of St. Miguel, fomc account of it, p* 60S, buq. 

Aimriu An nccownr of the blue flmrk, p. 7S9. 790. 

Shi* Thi* force of fired gwn^powda-, and the initial velocities of canivui ball.?, drwiv 
mined by cxpcniticnts ; from which is atfo deduced the relation of the initial veloiiiy 
t« the weight of the Him: and' the quantity of p. 50* Hee Gm^imvdr* 

tic proportiomilifc lusmbet of inhabitants that die there aiuuially, p. 17% 



[ * 


Sbudlmri^h, Sir George, coroparifon between his and Cohwel Roy’s n.’e f>- 
furenu-nt of bai-otnetcr, p. ^ 

.VV/rf, roiKeiiii!.;; ils or»:>ui. p. fjr..~r)4. K.’V. ^r.^ ^U'u~ \ L< t:', !c-!c. 

'a rcmaiu.-'bh; impciical m of" Kp.ht i.i rqvtrd (o c-lou-;, p, f.t t . A !,.! ni; 

iliiirjif a drfntpiiHm if, |^* r;c. 

S/in of th'.‘ ihv'inii, v«‘rv uivfut in i'\'nnnnj^ * !c* 4 {kiI r' |i, ^ % '* 

f.iui in early inCticy, p. (.j;. -i'ac :-;o,v . ■.lo-taS (..•■» :y ^ ,ii,- n,;. 
fmall pot in Hi' fl-T ill the u'.ti 177.1, }’• ’■!■’• '4'.‘ '!,■ ' hv 

I’o’; (iuii.t;; the tiiinc \ej", j>. i J-J. IV.itir. hy liu; (.■an d- '• l-r im.'i 1 
jCaroU in ih;. ill, Me year, ibki. (fci'cral lia'i; oi I'sc lla;-!! I'l,-:,- jhviv ..ittiia;,; 


I'f'il 

ill'.; 

i»nc 

Jluit 


year,.p,tt ij.u ■. / 

Sme^li. Volatile iikali the moil: iift-ritl to obviate !im 1 fnKi:?, rp. 

»V/«j 7, experiuicnt rm rtiie tcliiliu’ in ils p, 2b* \^by tnail.', lire snnkr iui^t; !;oiiea 

and ill holes in the winter, p. }i, 

Snmv keepa the earth warn*, p. jj. Snow fitw of w'*"* 10,;, ol 


p, 33, M* 

Smif. ' Experiments on the efiefts of tb? cflluvia from moiti, marlhy, anvi wber kSml!! 
of foils upon .lif, p* -’to— sty. 

Stilidh Concerning the raciiftirc of the trxp.infion of tididi by brat, p. 4! g—;., 3. 

Somken. A defeription of /k •ujumitf/tJ {dmi if p, 1 7:% 

Sming prepared from (irong fpirit of viirioi ihe belt fW winters, •». 1 , 1 j 6. I Imv 

to prepare it, p. 1 16. 

Sner-teui, very ufeful in the care of the feurvy, p. >Vt'. 

Sftrk of wtrkti tho beft fouong for lamicfs made from if, p. ut;, 1J<», fl.nv to 
prepare it, p. t aft. 

Sf’ings, hot Jiiiti cold, in ihe valley «f Eunias, an SKOUttl «if tlu'in, p, ftvi— fn.;. 
iVrfbiis enmi of vimlnit diforilcri by thefe water*, p. f'oy, (.lod, 

Squinting. A new cafe i« fijniftting, p. 86, A lad'i* patiieukr meihtjd t>|' vifwit»>,; ob- 
jea«, p, 86, 8y, Hi» occnftnned by bad habit, p, «7, hH. jtlcihf»I nl 

cure, p. 88— tjo. g6, "‘fw|«intlfig perftiB* have one eye ntttvh leA )i.:r!V. t iban tltc 
other, p, fjii, liow fhry nwy be cured, ibid. Covering a weak rye ihr 

aofe of fijuintini, ibid, i'ottcefning the eirgso of viftoo, p, y > - 9 j. Ci'tiijtiimes. 
relating to the above anufual motle of fiuintlng, p. 94-- yb, 

St.Mlgml^ the illarid, an account ®f it, p, f»©). Its pteduftiwi* of » nenrer aflinity 
to Europe than Africa, p, 6oifc6Q»» Iti.fitsOt p, boa*' An account «d Eintw tirl 
Goda its capital, p. hot, 6oj. Coitnlryiound it fwiie and well cnltivated, p. 

Some account of Ribcira Grande, - ibid. Of .Villa Fianci, ' p. 603, 604. Of the 
Parnai, and it» bo{ i»d cold fpttfigi, '|04»6O7* Perfoni eurcd of virulent dtf- 
; wder* by ihcfe watw, p. 6oy» bo8». Somtaecoiutc of Set« Cidadw, p, 608, 609, 

. ' ■ , ly/vlr 
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ill Devon fli. ire, tlic proportiotKibic number of inhabitants that ilic there 
in one year, |% 

AV/w% on accoimt of a very large one near Cape Town^ p. io:-«-io6. 

/-r/ro/s hcepiog them dean contrilnitcJi fo the health oF the iiiliabic’afits, p. aj, 

oiii'oi' ihc Kcvcivhergim, compoidl of volcanic fubilanccjij p. 3, 

Dr, litH ?ucmmt of tine Hate of the amiofphcre and fcafon precciHiig the earth- 
quake of 1749, 175*0, p.s-dH 

SiJ^ihr^ great quantities contained in lead ore, p. S6E— S79. Frofilablc hint to the 
lead fmelters concerning faving it, p. 874, 875. 

Sufmim, An account of ihc ifland of Sumatra, &c- p* t6o* Situation of Fort Mai- 
broh p* i6i, 162* Defeription of the houfes there, p, 162, Of the cHmute, p. 162, 
163. Some account of the inhabitants, p* 163, 1644 Several volcanos on the 
illanci, ibid. An account of the inhabitants of the Caffia country, p. 165. Their 
religious notions, ibid. Their government, ibid. Method of fortifying their vih 
lages, p. 16;, 166. B'fatincr of fighting, p. t66. Tliey kill am! eat their prifoners, 
ibid. Polygamy allowed among theiii,p. 166. Their wives purchafed, and all live 
in the fame houfe, p. 166, 167. Their marriage ceremony, p. 366. They may after- 
wards part, ibid. Adultery in the man puniihed with death, and the oJFcnded party 
and his friends cat the body, ibid. Adulteiyin the woman reduces herpoadave 
to her huibanci, and fhe is rendered infamous, p. 167. Death, and the body eaten 
the purulhinent for public theft, ibid. Unxmarried women diftinguifhed by their 
drefs, ibid. Dead bodies of their radjas not buried for months after their deceafe, 
ihlck Great ceremonies at their funerals, p. 167, 168. Their animal food, p, 168^ 
Defeription of the Callk tree, p, 169. Some account of the camphire tree, ibid# 
Native camphire adulterated by the* Clunefe, ibid. Defeription of the gfMon 
of Sumatra, p. 170. "Pigers ficquently dedroy the people here, p. 171, Why the 
people will not kill tigers, ibid. I'hcy have ants of various kinds, ibid. A 
iVaiiim of foffil fhdifi difeovered, ibid# Some account of the iiknd and inhabitants 
of Eiiganho, p. 'Defeription of or de wmdmfui ffmi 0/ 

p. 1 78- The foa coeoj^nut not a marine prodtidion, p# 17B, 179. Where 
it grows, |). 179. 

Sm, Belipfe of June 24, ^778, obfcrvationii on ir, p* 1013# 1014# The feme oh* 
foived ttt Tttketer, p. 

Mr. Willkm# his account of fome eleftrial eiperiments, p# 155* See Mkiimd 

Jtvpmmm'ii* 


6 y 


■fot# LXVIIT 


T. 



[ 1094 ] 

■ T. 

T 4 BtKS. ^ . 

lixpcrimfnts on crfe< rcfpei'lin;.' thvir tf-mpt-Mtun*, comp.iratjvciy with tliat of the 

atmofplicrc, in deforces of heat, p. ,|f)~-48. 

Experiments (in cIh' Kirctr of lirod j»un powder, and the initial vclo.-ltii"; <if cannon 
balls; liom which is tletluct'd the relation of llic inuia! vdocifi to i!u< wfi|*ht of 
the Ihot and the of powder, p, fv-. 'p. ■}-•. fh 77. fs), Ki. 

Obfervations on the population and dife ifes o) Chciier in (lie ye, a 1 ;•/ |. Dt-ath;!, 
agc.1, and conditions, p. 1.17. Ififenil's p. i4>;. 'F.K.ii td' draih; , p. 1^0. 
liicaths by fmdl-pa.v, ibid. Deaihs !<y the im.di-pio: nnJc! (me year old, ihiil. 
State of popul.uion, fina!! pot;, and fevers, p, i^t. Cencral hill of tin- ieveial 
[wriflies tin- wn year.., from lysh; m iryj, p- tS’* (h n-i'. ! Idll for the year 
1774, ibid, 'J’he miialicfd i!i:ic d.ie animal!;, in tiw ilvr;-,d pindi-.'-, t.dceii up >n 
an average ot ten ycais, front tae (cir ijb; to tf,'.', p> 17!* ® pit’pnr* 

tionaUlc number of ii'dtahii.iiUN that di.T.imnidiy in c.ad ms jdacn, p. ^ t. 

State of the thcHnometer vvishin and withmo, and C!: fin; bam, nrtcr, wind-., and 
weather, at Fort tk. Ganrge, in the hla!! l»idi«! i» thdnlicr tj’yfi, p. 

In November, p. t84— th^. In Deccmbei, p. ff’6— ihH. Ii. J-muaty r/77, p. 
itiiJ-— 190, In J'fhniary, p. lyo — ty.'. idfcidi:;i t!;cie dni'ing tin Ic iimnihs, 
p. 193. 

Journal of a voyage to the E,aft indiea. in ih.c year 177?, p, f'ci.’,i»atit(n of 

the cohiinns, p. 3S9, 3t|0. Fartiuihiia of llic utynge to the I'lij c of t 'mod 
Hope, p» 391 "-404, To Madrafs Fiottd, p. 403;— 41.). iMrataiJiui addeml.t in 
thejoornal, p. 4tS» 4 * 5 * Hegilkr of the dip in the Swalimv iW'p of «.*«■, p. 
417, 418. Afiroaomkid ohfcrv,utan6 in the Swall«»v, p, 41 K. 

Ahftraia ofaregiRer of the barometer, thermometer, ;md at l yndoi’, in 
Ruthiad, for the year 1777, p. 

Jonnml ofthc weitiher at Monifeal for nerember p. t'i-.j, I'nr janu.iry 

1777, p., 461. For February, p. 564, For . March, ji. 563. 

■ iseteorolt>|lMl obfervatiena made »t Mawkhili, new {‘. 4 iflt»«rgh. f(»r the: 

years 1773, *774, 177I, p. 564, 

Depth of rain at Hawkhill, near Kdinbaigh, for the year lyfk*, p. 

Extract of » tiictwrological journal for the year 1777, kept at llriltol, j>. 5^7. 

An abridged table of the wiadu, &:c,.for the year 1 777, ai Ib-tilol, p. .F,h, 
journal of the quantity of rain that fell sit Holme, near iiMancfonlcr, fn*m 1 ^f>§ to 
a- 1769, p. S 7 »*v . , ^ 

, |o«rntl of the quantity of r»i'» that fell ^at Barowby, m«r Tcrd#, fn*w 177c u> 
^W 7 »P‘S 7 »* 


Meisorofopk'd 
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Meieomloskul journal for the year 1777, kept at the Iionfe of the Royal Society, > 
p. 573. State of the thermometer within iind withoutj* and the barmneier, rain* 
wiiul.t, and wcatherj for January, p. 574, For Fel'ruary, |\ r’jy. 

I'm’ March, p. ^^79* For April, p, 580, jBt. For May, p, 583, 

Fiir June, p« 58^, 585. For July, p* 586, 587. For Aagiilt p, 5H0, 5B9, 
F‘or September, p, 590, 591* For Odobt-r, p. 59 a, 595* For Novemhmv |k 
59-1 > S9?* Deemnber, p* ^96, 597. CJreateiR IcaiR and mean height of 
the thermometer within and without, and of the barometer, with the quantity 
of rain, in each month throughout the year, 598. Variation-needle, p, 599. 
Dipping-needle, p* 6oOt 

Table of the baptifms, marriages, and burials, during forty years, at Blandford 
Forum, Dorfer, p, 6iS* 

Total of each during that period, p* 619# 

Annual average of bapufms and barials in the four decimal periods of the fore- 
going ta!?kq p, 620, 

The whole number of burials m each month, and each quarter of the year col- 
ledivdy, during the whole of the above period, p, 62X, 

Longitude of fercral places, p. 640* 645- — 654. 656 — 658. 

Latitude of ihe Refuge dc Vrowperg, Rue dcs Domiuiquiiinesat Louvain, p. 64^-. 
Its longitude deduced from obfervations of Jupiter’s fatellites, p. 644, 

Ounpmilbu between Sir George Shuckburgh and Colonel Roy’s rules for the 
iiieafurcmcnt of heights with the barometer, p, 684, ,685. A new rule for re- 
ducing the obfervations, p. 6BH. 

Cakiilatioufj made from the furvey and meafures taken at Sch eh allien, in order to 
afccrcain the mam ckmftty of the earth, p. 692—701, 703. 707, 70S* 714* 
716. yn). 722, 724. 7.26—746. 7S9^7^S^ 769—776. 

€oniX!rivmg the advatuagen of a new-inv.cnted machine for determining the perfed 
propmthm between different moveables ading by levers and wheel and pinion, 
p# 994 ”^‘'*998. 

New r„q^crtmcni?i on the Leyden phial, rcTpccting the different di:efts of pointed 
«imt rpha’ical icrminations to co«driior% p* 1 007— ion. 

Obffrviiiiofw on ihefolar ccllpfc June 24, ^778, p., 101,5—1018. loig^ loao# 

Tj'ack, of tiu: fiiip l.ion fi’om JCnghina (o Uavit'a Ssreiglits and LabrdofC, with 
©bfcrvatsotis for dcU’rRjining the longitude by fun and moon, and error ot 
fowRUH* recUonlng ; nlfo tbc variatson of the conipafs, and dtp of the needle, 
as obfcived duting the voyage, in p. 1017* I'fo® Itngland to Cape 

Farewell, ibitl. From Cape Farewell along the weft coaft of Greenland, *059. 
From Molketto Cove, Greenland, to the end of Davis’i Streights, to6i, 1063. 
I'mm Davis’s Strcights to the coafl' of Labradorc, todj, 

6Y a 
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fails of Ml frcrzcn^ with a view to fee if they vvoaki be reilorct! to the aaioiis of life 
when thawctl, p» 37$ jS. 

f aimers^ inllniai0iii& to theiiH for Cirryiiif; on a new nieilioi! of taiuiinf;, p. lao. fkc 

■■■■■■ Lmihf*': 

leaiher, an iinprovei! lOethn-l nf rloinf^ It. p. 1 r 1* Sre 
*! 4 tria!mf h“r'^ opiniiin 4 omTiiiin|^ ihe of funu^ni to IhuIW , p, ‘ ^ 

experiment on onr rtliitivf fo lo; hrnt^ jn 77% l*vjir*tiou'i:c on a ’Ivoi/, ,;iiJ 
tenefn to deMrininc whether Ilfo Inn! a power of rciilliof: heai. ,um.I i-'*!*!, p, 

'Fail of a tench fro'/.en with a view to fee if it would be fiilored 10 the ih ahov. i>f rph 
when thawed, p. 37, jS. 

ffM-widJkehi jflowcfP’, the elkB <?f tl'utr rlHnvla upon an\ |n to\ ,*Oj* 

TA//, how pimiflifd among dm Baiia.i of Hununra, p* tfip- 

fhfmmMiitf clcfcripiiou of‘ai final! one on a <rm*lrmHhn% p ;% fh Aldh of a 
regiilcrof the barometer, ilierinomcier, am! raSri, at f^trnfortin Finland, f-'r fijo jrir 
1777,1% 554* See l.piJm* State of Ir wkhhi amt ludiriof, at Fort St. ISetf}|*e ;ii 

the Eiiil Indies, during the ntcmtln of iklolwr, NhHYnibrr, {‘trfefohrr, i ^70^,^ 

*^iRfk And for the mcmihsof jammry runt Felmnary tp:i\ |u ^ t nf 

It within and without in 'Londoiii forraeli otomh ihrouglnmi clif year 1777, j% 

197, GreatciF foafo mu! iiirnn Imighi of ii in each mouth, |% p/n 
T&jme /wwi, die eCc^i of ilicir ellluvia upon air, p* 

figmt ihe Battas of Kitmatra fuppofe them anlmatmf I y tlic fonh til ilirir aiifidlon, p* 
171, The tigers fm|yently dellroy tbefo people, ildiF 
Tmdi^ why they tuimneatnl lire under large llonci in ibe iviiUcr, j% j:, 
fWjjw, experiments cm its tieatp p, n , 1*0 

yi? wr 1/ a remarkabk large llime near Cape I’own fo callrJ, p, i», 3, Ik* 
ftription of Jt^ p, 

Tmdmfih\ one of dm SefciwbcrgeOi cotnpofoil of wilcanic folifl;ificrs p. s 
frm. A (Irfciipririii of foe ciilfoi ireCi p* iCn;, Some mtmmi of tim imiophifr tm% 
ilfoL Tlw HTctt id llw eSfaida of lirr"pnmiofr*lWri!i upriu an, |% o/i;, !'n'|is> 

rimeats Oft toe irers refprf ling iheir lempcrilwre tomparadrcly wiili dnu d ihr 
timofphtfM ift diiVrtfil frifoas* p* 

«frd in for wnlb of aficfour ‘ImlUifftgii in C*ofii|fte, p, A Imd vikmm: lulli 
nfed for bidldiiig h file mvn of liotin^'' I*, 3, FHgti rockiof il *m cawh lidi: of' dm 
Efcinei p« j» 4, VafI i^iiiiifliici ol d w Atiderii^elti p« |« fl prudnte?! 4 cnnfF 
toilile irade bctwffft that fown" ind'Hottol* p.'fo '■Thtidlm ol'Napfoi f«p|a4ril 

to k compofed of j {Hi%:^ 4 i!siie^ preparid by tokilsk Ire* iidiF 
fkli, nil i«0iint oftittofl imiMpmMJmrmomtkm u BMlitti, i;iiif«i by , 

tk Arahsj. |n a 1 1, , . * ' ■ ; ' ' 

: ',•., ..''T' s';- v,'--:; .'V''.' ' ■ 'y 
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tlu* eflrd’ of tlieifr cfHuvIa upon air, pt 20 zo$, 

Ikl'Ie* l"iiec<nirt «if die palace of the t k'^,tor-paIatinc of r)idreklc 3 rF paved tvitfi a fava 
Iroui lJts!di% p. 7* ( 5 fcat tpiantitkai of bafaluc culumti!; bronp'lit Itoio iheiiccj p. 
2,^ 3. ,/\u avTOuiu of the (junny there, 3, 4* 

experimeiUH on it, relative to heat and cold, p# ij, lu'pcrlments on a living 
anil dead peui^-, p. 13 — 17» 

V* 

/W, experiments on the efltH^s of its cillnvia upon air, p. :oo, 201. 

Of the heat, &c. of animals and vegetables, p» 7^ Vegetables of eveiy 
count! y are alllxfled if the feafon be more than ordinarily cold, and feme more than 
oiherf', p. 39* Trees from warmer climates fomedmes hilled with the cold, p. 39, 
40* Ivxperiiiients upon vegetables rcTperting thcir temperature comparatively with 
that of ihe mnjofphcrc in different feiifons, p# 41— 4S* 

their great ufe in curing the feurvy, p, 663, 6 (Cn Rforc antifcorbiidc in 
their raw llate than when boiletl, p* 664, Sec, See Samvj, 

F^eiitHe effluvia, experiments to difeover their clTcd's upon air, p* 20 r— 203* 
lymij. The force of llred gmvpowder, and fhc initial velocities of cannon balls, de- 
tennined by eixperirufius ; from which is alfo deduced the relation of the initial ve- 
locity to tlie weight of the (hot and the quantity of powder, p, i^o* See OmiF^dtr, 
'Fhc lava from Vcluvius and the volcanos near Naples fuppofed to have been 
iifed fr>r paving the great Roman roads, p# 4# 

Fkmm^ the propordoimblc number of inhabitants that die there annually, p, 154* 

Fdk IMwMj a town in the ifland of St* Miguel, fomc account of it, p. 603, 604* 

F'fa\ experiments on one, relative to its heat, p* ay 27. 
concerning its organ, p* 91 — 94. 

FiddL M1ie bdl fburing for tanners' made from the flrong fpiiit of vitriol, F* 

I dK I law 10 prepare it, p* 1 26*. 

/bfowv* Sir William MamilmiA account of certain traces of volcanos on the banks 
of ikf Hhiruq p* 1* M’he court of the palace of the clcaor-pubuuw at DuJTvklorlF 
paved will! a lava brought from Unkle, p* Numberlefs bafalilc columns in the 
walls of the lowu of (folognej, brought from Unkle, and ufod as polls in the flrects, 
ibid. The walls of its mckm buildings 'lire of n tufa refembliug that of Naples, ^ 
ibiik Mmf columns of bafalta In the walls and llrcets of Iktin, p* 5, 6* The town 
paved with lava, ibkL The (lom ufed here for byllding, is alwrd volcanic niilb, 
ibfd. Wdkciibcrg, Trackeniblts, and Stromberg* fhrecc of tise Scveiwbcrgep, com- 
padhd of volcanic fobllancc8, ibid# High rocks of lava ortufla cm each lick of the 

Ehmib F* 3 ? 4 * An accoufit' of the quarry at Unkkb P* 4 ^ 5 ^ quantities of ■ 

tuffa 
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tuIBi at Anderiiacli, p* «;'» It provinces a confidcrabk’ trade lietwffii thin towti a,ui 
H 0 ilanil, p. 6* The tuflhs of Raplea fyppofed to be compeded of a fur/.okiie, pic- 

pared by volcanic fire,, ibul* 

,r.’/. Sal ctfca tt}ron air, p, io8. 

r.iLitik alaw, the «irtil ‘‘iHiii i» obviate bad fmcHd, p. 109. 

/«■«••/ jvvera! in Utc illan 

r.'M Mr. aniu'rning hia Kl(*<:.t!tiphoni:i, J», lory. Str lu’f.2r.'/>hvin. 

to the Kail Indie, inihcyear ! 77 a journal of it, p. .Vi*;--.! tO. 

: W, 

flrWof, Mr. Willkni, hi* obfcrwtbas on the folarcdipCc June 24, tjjfi, p. soij— 

• ioj8, 

fFalrniHm, cxfetmms on one, refpeaiug its temperature conipaiaiinly with tli;tt 
of the atmofphere, p. 41—48. 

If'aHis^ Dr. his opinion coiiwifiing iW communicating of motion f<« f'oljCH, p. ;?t6. 

Account of a very ufeful machinr (or dc, to inininp, the poJt.'a prnpnr. 
tioa between difewnt inoveabks aSing by iewrr., and wheel, .md pinian, p. 1^5 ^ 
f— 998. 

Jf'atm Stagii.'nit water fi'c<|»cntl>' the c.itifc of diforfr, p. t Kvpciiinrnfi 

on the purenefsof the air over vvaters, p. 1. Water .ntd purities air 

rendered noximi.s by irfpiration .ind puttcf.icHon, p, 14 1. An aonnn* of the mi- 
neral waters in the ifland uf St. Miguel, p. fioH, 

Dr. Richard, lib chemkat cspcriitioitt and Mbfcrvatiniii tm lff.td we, p. 86^. 
Sice Ltad (Ay. 

Dr. William, his account of .i b!uc-(h,ttfc, p. yS.i, 

Pf'alik and comb of «a cecSc ftor.oi, wiiH « vksv 10 fee if they would be rdlofed to (he 
(idinns of life when thawed, p. jh. 

li'i'atfxtt >S(;iie til ii at I’oit Si. George, in ihe Kail Indlrs, rfmiog t'le nifUKhi »■! rh'iti 
her, November, am! December, i« the year ryyb, p, Nil, And bu l.uiui;-' 

and February, 1777, p. »88— lyr. State nf it before the eaKiiipuke ul >•, p,. ly-., •„ 
p. rjR. Sifltewf ti beftir* tiHl wbqttake at Manchertrt, ij-;"/, p, ?,'!!■• j ,s. 
(Jbktv.ifimis 111! the weather, &c, dwfing ih« year 1777, at »n iinii.cu!, p, 

50. An acwMiit ofthe weaiheribcre in the year »:;*5,p. 551', i..". liern-tik 
thcriwi, p 557, 558. jotmial-tif thewcatber at Montreal, p. Dt. },,uuidrrr,h. 
letter eonccntiiig it, ilnti, Ststaof the Weather far December, tyy?-, jn 40, j. Ion 
January, 1777, p, |6i, v Fof Pebiaary lyyy, p. j6jr. I'm M«Kh, r/77, p. 
Wenther for the year 1777, stSfWo!, p. 'jSS-T-syo. State of the weather in hm- 
tion far each monih ihf( 3 ughout the year, 1777, p. 574—597. 


/( /•«/, 
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AccmU of a HAwly-iiswiUcd and veiy ufeful machine for ifetermiiiing ilic 
propfa'iion hetwcmi diilcrcnt moveables ading by leverSi, nad W'l'icct and 
pia’unn p« 

fb‘* W'. has experiments upon air, and the effoe^s of dilFcrcnt kinds ofelllavu 
wpm iiaivi“ at Vork, |>» 194. i\iit Jin 

Mr. Ik;r iambi, his diiTcnt from the report of the committee, appointed hy ilie 
Jti’yal Society, lor cx.aniinng the ctlViti: of bgluning upon the parajK’t-wall of the 
hemie of the Board of Onlnnvxc at Jhiiileet, p, 5 e.p* An au’uuat of his t*.xpe*^ 
liiiifiils on the nature and ufe of conductors, nddre/Ild to liis Majclly, p, ^c. 
See Dr* Miifgrateh. reafons for didentinj^ from the reporc of the com* 

initlcc appointed to confidcr of Mn Wilfoifs experiments j including remarks on 
fame experiments exhibited by Mr, Naiiiic, p* Slot — 822. Ilcmarks on Wil- 
fonhi new experiments and obfervaiions on the nature mod ufeof condti6ors, p, 8^^, 
860, Air. V/ilfon’s new experiments on the Leyden phial, rcfpedHng the termi- 
nation of ioiicut{:lors, p. 999, Sue 

Ifwdh State of them at Fort Sr. George, in the Eafl: Indies, < 3 urlng the months of 
Odober, November, and December, 1776, p. 182.-^188. And in January and 
February 1777,1). tSE-— 192, An abridged table of the winds, ,&c. at Briilol, for 
the year 1777, P* of the winds in London for eadr month throughout 

the year 1777, p* 

ifivp'y a plurality of diem allowed among the Bnttas in Sumatra, p* 166.. Furchafed' 
!y tlie luilband, and all live m the fame howfc, p, 166, 167* , See Smmim. 

Pixiiiinkrgy one of the Scvcndjcrgcn, compofed of volcanic fubHances, p* 3^ 

J/Wf/j live longer than men in Chcflcr, p, 144. Chefter peculiarly favourable to theirs 
coniliiution, SbitL How the unmarried Women are ditlinguillmd by their cirefs'. 
amewg the Buitas in Sumatra, p. 169. 

/FVw.u Karth-worms frozen, with a view to fee if they tvould be refbred to the aflions 
of life when thjwed, p, jB. 

IfVrw, his opinion concerning the commankatlng of motion to bodies, p. 346* 

IDri/Aiy the, method of, tifcd by fame of the Inhabitants of Sumatra, p. 164. 

, Y. 

tif/% Experiment made there upon and the clefts of dllftreiu kinds of diiiivk. 
upon ic, {>, 194. See Jin 

■ Z. 

Zkn On the ufe of an amalgam of zinc, for the purpofo of deftrical exdtaium, p. 85 i * . 


T:n.ii 1^0 or the Sixty-Eichtm Voi.nivU':. 
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